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THE new Telechron synchronous electric motor that 
assures longer, trouble-free service in thermostats, 
oil burners, coal stokers and similar apparatus is 
now coming off the production line. Compactness 
and exclusive design make it ideal for any applica- 
tion where space is limited and shaft speeds must 
be held from | to 6 RPH. It offers all the advantages 
of Telechron’s 28 years’ experience in building syn- 
chronous electric motors. 


This self-starting HS motor delivers years of 
dependable service without oiling or maintenance 
expense. A special oil gland built into the terminal 
shaft keeps oil in... air and dust out. The special 






ECCENTRIC SHAFT MODEL 


This companion motor has an 
eccentric terminal shaft 

at 12 o’clock position in respect 
to the outer case. 

It can be furnished in speeds 

of 3 RPH to 6 RPH. 


Telechron 1 to 6 rph Motors for Longer Life 


Telechron-developed oil maintains its lubricating 
quality for the long life of the motor. The light-weight. 
high-speed rotor literally floats in a protective film 
of oil, doing away with almost all wear of shaft or 
bearing, assuring accuracy and long life, even under 
severe industrial conditions. 


With an input of only 2 watts, the new H5 motor is 
economical. It can be furnished in speeds of I, 2, 3, 4, 


5 or 6 RPH. 


Telechron application engineers can help in 
adapting this new motor to your particular timers or 
controls. There’s no obligation. For full details, write 
or wire Motor Advisory Service, Dept. B. 
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Commonsense on Science Legislation 


F all discussions of proposed science- 
O support laws, the one which comes 
nearest to the mature views of our wisest 
subscribers is the following.* We urge you 
to write to your Senators and Representa- 
tives (im your own words) supporting 
some or all the views.—MFB 

(1) National Science Foundation. We 
believe that there should be created an 
authority (National Science Founda- 
tion) hereinafter called the Organiza- 
tion whose duty it would be to promote 
the fundamental and basic sciences in 
the interest of adequate national de- 


/ fense, of improved public health, of 


more effective use of our natural re- 
sources, and the increase of our scien- 
tific and industrial productivity in both 
quality and quantity. 

(2) Utilization of Existing Scientif- 
ic Associations. We believe that the 
Organization should make full use of 
the many recognized scientific, technical 


) and engineering associations that have 


come into existence in this country dur- 
ing the past decades because we feel 
that the membership of those groups 
includes the more active and capable 
of our scientific and technical people. 

(3) Duty of the Organization. We 
believe that the primary duty of the 
Organization should be to foster the 
development of the so-called natural 


| sciences, that is, physics, chemistry, 


mathematics, medicine, and biology, to 
mention a few. We recognize the fact 
that a number of eminent people be- 
lieve that the scope of a National Sci- 
ence Foundation should include not 
only the “natural sciences” but also the 
“social sciences” such as psychology, 
economics, sociology, political science, 
anthropology and history, for example. 
However, we believe that the objectives 
and technics of research and develop- 
ment in the social sciences are so dif- 
ferent from those customary in the nat- 
ural sciences that investigations in the 
former field should be supported by a 
separate authority set up for the pur- 
pose and which would be codrdinate in 
every way with the Organization here- 
in proposed. However, in the event that 
a separate authority is not feasible we 
strongly recommend that the support 
of social science research should be in- 
cluded among the duties of the Organi- 





*Prepared for the Physical Society of 
Pittsburgh (oldest local group of physicists) 
by A. G. Worthing, H. G. Botset, F. H. 
Brace, L. O. Grondahl and F. Seitz; 
adopted (after long discussions at the 
se i? 200th Meetings) by a vote of 

a 


zation codrdinate with that of the ma- 
jor divisions of the natural sciences. 


(4) Liaison Between Physical and 
Social Sciences. We believe that an im- 
portant function of the Organization 
should be the development of an ef- 
fective liaison between those interested 
primarily in the natural sciences and 
those working in the social sciences. 


(5) Patent Policy. We believe that 
the legislation covering the establish- 
ment of the proposed Organization 
should not attempt to change the pres- 
ent basic patent policy of the Govern- 
ment. 


(6) Selection of Governing Board. 
We believe that it is of the utmost im- 
portance to have the Organization ad- 
ministered by men of the highest com- 
petence, completely independent of the 
influence of any special group. Al- 
though several types of organization 
could be set up to achieve this objec- 
tive, it is our opinion that the work of 
the Organization should be adminis- 
tered by a Governing Board appointed 
by the President from a panel of scien- 
tific people recommended through exist- 
ing scientific associations and that the 
Director of the Organization should be 
chosen by the Board and be responsible 
to it. 


(7) Compensation and Term of Of- 
fice of Board Members. We believe that 
the work of the Board would be of such 
magnitude, importance and complexity 
that the members should give it their 
full time and should be paid according- 
ly. It is our opinion that the Board 
should be a continuing Board and that 
the normal term of office of individual 
members should be not less than six 
years. The Governing Board should be 
authorized to enlist the aid of qualified 
scientific advisors and be responsible 
for their remuneration. 


(8) Administration of Funds. We 
believe that the Board should be en- 
trusted with the administration of all 
funds appropriated to the Organization 
and with the award of contracts for 
research work, development work, pur- 
chase of equipment, modification of 
existing facilities or creation of new, 
and for such other purposes as might 
be necessary to the prosecution of in- 
vestigations sponsored by the Organ- 
ization in either non-profit or industrial 
organizations. 


THE MAGAZINE OF 


Measurement 
and Control 





(9) Selection of Scientific Personnel 
and Projects. We believe that the Or- 
ganization should assist in the discovery 
and training of men and women pos- 
sessing unusual abilities together with 
the special aptitudes necessary to crea- 
tive scientific work in the fields of 
natural science research and that to 
these ends the Board should be em- 
powered to award scholarships to se- 
lected students and grants-in-aid to in- 
dividual science workers. We feel that 
the selection of scientific personnel and 
projects will tax the skill and vision of 
even the ablest Board and that on the 
wisdom of their choices will depend the 
long range success of the proposed ef- 
fort to improve the scientific stature of 
our nation. 


(10) Collaboration with Government 
Representatives. We believe that gov- 
ernment representatives, Naval, Mili- 
tary and others, should céoperate with 
the Board in advisory capacities only; 
that it should be the policy of the 
Board to seek advice of and to col- 
laborate with such representatives; 
that there should be no ex-officio mem- 
bers on the Board and that no Board 
member should hold any other Govern- 
ment or private position either elec- 
tive or appointive. 

(11) Publication Policy. We believe 
that the Board should be responsible 
for publication of technical reports 
covering the results of researches un- 
der its sponsorship either in existing 
scientific and technical journals, in a 
publication of its own, or both. The 
Board should also be responsible for 
special publications designed to assist 
both the public and the Government to 
understand and apply effectively such 
developments in the fundamental or 
basic sciences as may arise from re- 
searches supported by the Organiza- 
tion. 


(12) Finally, we believe that the 
powers vested in the Organization as 
well as its basic policies should be such 
as to assist the normal scientific ac- 
tivities of either individuals or organ- 
izations. We wish strongly to empha- 
size our conviction that the proposed 
Organization could best serve the na- 
tion by assisting in the creation of an 
environment favorable to independent 
thought and creative activity in the 
fields of both fundamental science and 
basic technological development, and by 
aiding the body politic to assimilate and 
benefit from the results of scientific 
achievements, whatever their origin. 
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Fig. 1 


The New York Central Railroad Company’s : 
DYNAMOMETER TEST CAR | 


By W. F. COLLINS, Engineer of Tests, New York Central System 


GENERAL 





N brief, a railroad dynamometer car 
I is a car fitted with a traction dy. 

namometer (and other recording 
and indicating instruments), generally 
placed next to the locomotive and used 
to determine its performance in han- 
dling a train. ee 

A traction dynamometer is a tet BF 
apparatus for measuring the force or 
the power exerted by the locomotiv. 
The force is commonly called the drav- FB 
bar pull; and the power exerted is & 
called the drawbar or dynamometer 
horsepower. Most readers of Instru- 
ments no doubt remember performing 
“the dynamometer experiment” in 
“Mech Lab” and remember taking data 
on forces, times and lever-lengths or 
distances, using relatively small |ab- 
oratory apparatus. The physical prin- 
ciples involved in railroad locomotive 
dynamemetry are the same, but the 
measured magnitudes are relatively 
huge. The New York Central System’s 
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Fig. 4 


Railroad Dynamometer Car, X-8006, is 
5410” long by 8’8” wide; and weighs 
sixty-two tons. It was built in 1923 by 
the New York Central shops and cost 
about $50,000 at that time. The cost 
of the Dynamometer apparatus was 
about $20,000. 


Fig. 1 is a floor plan of this car, 77 
showing its general layout or arrange- — 
ment. The Dynamometer apparatus is | 
located at one end of the car and oc- | 
cupies altogether about 25% of the ~ 


floor area. In addition to housing this 


apparatus, the car provides accommo- , : 


dations for the crew; sleeping quarters 
for seven, wardrobe facilities, lockers, 
bath, kitchen, etc. The office section 
is in the center of the car; and the 
kitchen and sleeping quarters are at 
the end opposite the Dynamometer. 

The photograph, Fig. 2, is an ex- 
terior view of Dynamometer Car X- 
8006; and Fig. 3 is a group photo- 
graph taken before or after a test, this 
particular group including the test 
crew, the train crew and the locomotive 
crew. 
Fig. 4 is a photograph taken from 
the kitchen end of the car. It shows 
the kitchen section; and through the 
door can be seen a small portion of 
the sleeping quarters, beyond which 
can be seen a glimpse of the office sec- 
tion. The Porter’s quarters are at the 
right of the aisle and the kitchen. 

Fig. 5 is a photograph taken in the 
same direction but closer to the office 
section and to the Dynamometer ap- 
paratus end of the car: it shows 
clearly the Dynamometer recording 
table at which the Dynamometer Oper- 
ator is stationed during a test. 

Fig. 6 is a view of the office section 
taken from the opposite direction: 
toward the sleeping quarters and 
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kitchen. It shows at the left the cha; 
table or computing table for studyi; 
and working up data from Dynamom. 
eter charts. Over this long table are 
two upper berths. 


oS 


DYNAMOMETER APPARATUS 


The Dynamometer apparatus 
tached to the Dynamometer weighi: 
head is shown in Fig. 7. The drawi: 
shows a cross-section of the weighin 
head, the coupler yoke and part of the 
coupler shank. The Dynamometer 
weighing head operates on a hydraulic 
principle with a diaphragm. The pull 
or buff from the drawbar is imposed 
without loss through the diaphragm 
to the liquid mixture in the weighing 
head. 

Maximum § sensitiveness ior 
weighing apparatus has been attained 
by the following important design and 
construction factors: 

(1) High fluid pressures are used 

(2) Inertia effects have been over- 
come by minimizing weights of parts. 

(3) Use of every means of overcom- 
ing friction and limiting the movement 
of parts. The piston movement on 
maximum drawbar pull is about 0.006”. 

The large cylinder or buff is capable 
of taking shocks up to 1,250,000 lbs, 
while the smaller cylinder is capable 
of taking a drawbar pull or load up to 
500,000 Ibs. 

The Dynamometer apparatus was 
built and installed by the Burr Com- 
pany of Champaign, Illinois, but is 
now being handled by the Baldwin 
Locomotive Company. 


CHRONOGRAPH TABLE UNIT 


The Dynamometer recording table 
which was shown in Fig. 5 is shown 
close-up in Fig. 8 which was taken 
during a test, so that the moving paper 
chart is seen clearly, as well as the 
sixteen pens. 

From the number of pens it may be 
inferred that the table unit comprises 
a number of instruments. One is a 
speedometer which indicates the car 
speed and also records it on the chart. 
Another important instrument is an 
integrator which automatically meas- 
ures and records every six square 
inches under the drawbar pull curve; 
and this area is automatically totalized 
on an electric counter. 

The time record of any portion of 
a test is produced by marking six- 
second intervals automatically on the 
chart. Alternatively, the distance rec- 
ord is produced by automatically mark- 
ing every 100-foot interval traveled by 
the car. 

Automatic records of train line and 
brake cylinder pressures, boiler steam 
pressure, and manual indications for 
location of mile-post, locomotive throt- 
tle location, indicator cards, coal fired 
in 100-lb. lots, and also other items 
that may be desired in connection with 
test work, are maintained. 

For special items, extra circuits and 
counters are provided; and all these 
electric circuits are carried from the 
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Fig. 10 


car to the locomotive by a special cable 
which includes telephone connections 
and signal for the observers and which 
ig used to record their readings simul- 
taneously either to the front or rear 
locomotive. 

The recording paper is 24” wide and 
Fig. 9 shows a typical section, reduced 
to 5%” wide. This paper can be driven 
on a time basis by a constant-speed 
electric motor which is connected to a 
variable-speed transmission case which 
provides for selection of three speeds 
of paper, namely 4”, 16” and 60” per 
minute. The first half of the chart in 
Fig. 9 (left-hand portion) shows the 
record taken on a time basis. 

The paper chart can also be driven 
on a distance basis from an axle drive 
unit or mechanism on the car axle and 
the “transmission unit” provides for 
selection of three speeds of paper 
travel, namely 1/16”, %” and 1” per 
100 ft. of car travel. The distance basis 
is the usual arrangement during most 
road tests. The second half of the chart 
on Fig. 9 (right-hand) shows the 
record taken on the distance basis. 

The crew operating the Dynamom- 
eter car during a test consists of the 
Dynamometer Bmgineer, his assistant, 
a Dynamometer Operator, eleven ap- 
prentices, a mile-post recorder, an en- 
gineman, a fireman, two coal passers 
and a chef from the Dining Service. 

Six of the eleven apprentices are 
Special Apprentices—men who have a 
degree from a technical school—and 
five are regular shop craft apprentices. 
They are selected from the shop and 
enginehouse forces of the Motive Power 
and Rolling Stock Departments. 


PuRPOSE OF DYNAMOMETER CAR 


The purpose of the Dynamometer 
Car is, briefly, to determine: 

(1) Car resistance of passenger or 
freight cars. 

(2) Train loading and tonnage rat- 
ings. 

(8) Acceleration tests of trains. 

(4) Brake tests of trains. 

(5) Locomotive performance or ef- 
ficiency tests. 

(6) Locomotive capacity or pull- 
speed tests. 







Fig. 10 shows the test train for pull 
speed test in passenger service, on a 
siding. Fig. 11 is a close-up of the 
test locomotive Dynamometer Car and 
helper locomotive. The helper locomo 
tive regulates the train speed while 
the test locomotive is operated under 
constant or fixed test conditions, 
which will be explained later. 


Fig. 12 is a photograph of the test 
locomotive, showing the steam indi- 
cator card apparatus and the observ- 
er’s box over the pilot beam. 


Fig. 13 shows the pressure gages 
on the running board where the ob- 
server records the boiler steam pres- 
sure at the dome, superheater header 
and exhaust passages. 


Fig. 14 shows the cab observer with 
telephone connection to the Dynamom- 








Fig. 11 








Fig. 13 
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Fig. 16 


eter Car over which the observer sends 
in his readings and receives his in- 
structions from the Dynamometer Op- 
erator. 

Fig. 15 shows the test gages in the 
cab, which indicate steam pressures 
of the auxiliary boiler apparatus, such 
as stoker, feed water heater pump, 
etc. 

Fig. 16 shows the indicating man- 
ometer of the venturi water meter, 
which indicates the rate of flow of feed 
water to the boiler. 

Fig. 17 shows the temperature ob- 
server located in the Dynamometer 
Car. The potentiometers indicate the 
temperature of combustion in the fire- 
box, smokebox, and also the tempera- 
ture of the superheated steam to, and 
of the exhaust steam from, the mai: 
locomotive cylinders. 


DYNAMOMETER TESTS 


In the Car Resistance Tests, 
principal data obtained are the draw- 
bar pull and speed, from which the 
car resistance is computed on the basis 
of pounds of car resistance per ton of 
weight of the car. The trains are made 
up with cars of specific weights or 
close average, such as 20-ton cars, 40- 
ton cars, 60-ton cars or 70-ton cars. 

In the Performance Tests, all coal 
and water consumed are accurately 
measured and then the coal and water 
rates are computed per cylinder ind 
cated and Dynamometer horsepower at 
a specific speed. 

In the Pull-speed Tests, the object 
is to determine the maximum indicated 
horsepower or the maximum drawbar 
pull and Dynamometer horsepower f 
a specific cut-off of the engine cylin- 
ders and at a specific locomotive o 
train speed. 

Fig. 18 shows the comparison of the 
drawbar pull and Dynamometer horse- 
power for a passenger locomotive tested 
in 1987 as compared with an earli: 
design. The difference in these curves 
represents the improvement on per 
formance of the later design locomotive 
that has been accomplished. 
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A New Servomechanism Theory: the Synthesis 
of Automatic-control Systems 


By W. C. ROBINETTE, South Pasadena, Calif. 


INTRODUCTION 

NE year after Pearl Harbor the 
O present writer was invited by 

the editor of Instruments, who 
had learned of some developments by 
our laboratories, to send him: (1) 
technical articles on certain new meth- 
ods of automatic control and (2) brief 
descriptions of certain new instru- 
ments. These “invitations,” however, 
were surrounded by severe conditions. 
Firstly, censorship had to be observed 
because some of our new methods (and 
the devices in which they were embod- 
ied) were used for important military 
purposes. Secondly, his own editorial 
policy stipulated that a technical article 
describing any new theory must be free 
from commercialism: it must not be 
merely a description of new commer- 
cial products, because such commercial 
announcements belong under “New In- 
struments” in the back of the maga- 
zine and not as a main feature, even 
though the Armed Forces had adopted 
the new devices and had acclaimed 
their superior performance. 

For three years, consequently, the 
combination of rigid military censor- 
ship and equally rigid editorial stand- 
ards postponed the making of certain 
disclosures believed to be potential con- 
tributions to the advancement of the 
art of Automatic Control to which In- 
struments readers are dedicated. 

Recently, simultaneously with a par- 
tial lifting of military censorship, the 
“invitation” was renewed—as well as 
the conditions. 

Fortunately, the particular restric- 
tions of military secrecy which have 
not yet been lifted coincide almost ex- 
actly with our most cherished “com- 
mercials.” That is to say, secrecy must 
still be maintained as to the circuits 
and operating principles of certain 
electronic components designed and 
manufactured by our company for the 
Armed Forces. 

It is equally fortunate that the kind 
of description of servomechanism 
theory which we are at last permitted 
to disclose is the non-commercial kind 
which Instruments specified. 

But perhaps the most fortunate 
thing about this long delay—as far as 
the readers are concerned—is that it 
has enabled the writer to develop a 
novel theory of servomechanisms by 
actually trying out a long series of ap- 
plications: numerous forms of practical 
combinations of electronic, electromag- 
netic and mechanical components. 


EMPIRICAL ORIGIN OF THE THEORY 


In short, it was the actual study of 
servomechanisms in actual practice 


that gave birth to the first glimmer of 


a new theory. Then the new-born theory 
was tried out on more and more diffi- 
cult problems of automatic control 
(especially after Pearl Harbor). Trial- 
and-error procedures dictated the ex- 
act characteristics which the several 
physical components should possess. 
Accordingly, various components were 
refined or re-designed as the growing 
theory dictated. Then further practice 
led to final development of the theory. 

Before stating our theory, it is use- 
ful to define a Perfect Servomechanism 
as a regenerative automatic-control 
system in which the instantaneous 
error of the load corrects the dynamic 
response in such a manner as to de- 
crease this error to the vanishing point 
in spite of changes in conditions to 
which the load may be subjected. 

In short, a servomechanism is a syn- 
thetic individual capable of ratiocina- 
tion, possessing the muscles necessary 
to carry out the program indicated by 
such ratiocination. The creation of such 
synthetic individuals has long stimu- 
lated human imaginations, as witness 
Mary Shelley’s story of Frankenstein’s 
“monster”; and Karel Capek’s play, 
“Rossom’s Universal Robots.” Despite 
the tragic endings of all such legends, 
modern science has turned with en- 
thusiasm to the creation of such syn- 
thetic individuals. The resulting mech- 
anisms have had a terrific impact 
upon our industrial civilization. The 
United Nations’ proficiency in this art 
hastened the defeat of the Powers of 
Darkness, since untiring servomechan- 
isms controlled with miraculous accu- 
racy our engines of attack and destruc- 
tion, after other untiring servomechan- 
isms had made possible the large-scale 
production of all war goods from uni- 
forms to uranium by automatic proc- 
esses requiring practically no manual 
labor. 

In the past, the synthesis of servo- 
mechanisms has required elaborate 
manipulation*of highly complicated and 
esoteric theoretical and mathematical 
relationships. It may be said that fewer 
than three dozen scientists and engi- 
neers in all the world are capable of 
synthesizing basically new servomech- 
anisms. The rest of the engineering 
and scientific world must empirically 
develop synthetic individuals by a la- 
borious trial-and-error process in the 
laboratory. This synthesis is costly: the 
time and money required are propor- 
tionate to the accuracy and sensitivity 
which the servomechanism must dis- 
play. It would not be exaggerating to 
say that the evolution of certain servo- 
mechanisms has required years of time 
and millions of dollars. 





We freely admit that our new theory 
of servomechanism follows this em- 
pirical procedure. It was the attain- 
ment of certain performance character- 
istics in our laboratory which led to the 
design of servomechanisms with the 
entire range of the dynamic and static 
variables adjustable by simple me- 
chanical manipulations. This adjusta- 
bility is the basis of the theory. 


BRIEF STATEMENT OF THE THEORY 

Given servomechanism components 
with the proper characteristics of dy- 
namic range and adjustability, any 
mechanic can apply such components 
to any of a large class of control prob- 
lems by following simple instructions; 
and the result will combine satisfactory 
accuracy with unfailing stability. 

Because our theory is based on ad- 
justability, any person of moderate 
arithmetical ability and a master of 
“screwdriver mechanics” can apply it 
and synthesize his own servomechanical 
control system; or, as the uninitiated 
layman would express it, “build his own 
robot.” No knowledge is required of dif- 
ferential or integral calculus, differ- 
ential equations, Laplacian transforms, 
sinusoidal functions, «vector analysis, 
electronic theories, inverse feedback 
amplifiers, electromechanical circuit 
equivalents, etc., etc. 


SPECIFIC PRACTICAL NATURE OF THE 
THEORY 

The foregoing assertions will prob- 
ably engender heated discussion, since 
scientists and engineers accustomed to 
arduous wrestling with elusive and dif- 
ficult mathematical theories may find 
many of their dogmas by-passed. 

We wish to point out, therefore, that 
our theory is not general but specific; 
and that it is not mathematical but 
practical. To elucidate this point and 
classify our theory beyond possibility 
of misunderstanding, we now define 
the four classes of servomechanism 
theories. 

A general theory is one that applies 
to all types of servomechanism com- 
ponents, namely, mechanical, electrical, 
electronic, hydraulic and pneumatic; 
also to all ranges or sizes; and of 
course to all makes. Thus we have the 
first two classes: 

(1) A general mathematical theory 
is one that applies as stated above and 
that is presented in mathematical lan- 
guage. Among the examples in the lit- 
erature are the wondrously conceived 
and brilliantly presented equations of 
Nicholas Minorsky, H. L. Hazen, L. A. 
MacColl, Gordon Brown and D. G. 
Prinz—to mention only a few. 


Fet-ary 1946—Instruments—Page 75 














(2) A general practical theory is 
one that applies as stated above and 
that is presented in non-mathematical 
language so that it may be applied by 
any person of moderate arithmetical 
ability to synthesize his own control 
system from components of all types. 
The only example in the literature is 
the concluding section* in Chapter III 
of M. F. Behar’s book on “Funda- 
mentals of Instrumentation.” 


A specific theory is one that applies 
specifically to one type or make of 





*This will be reprinted in the next issue 
of Instruments.—EDITOR. 





servomechanism components — or to 
more than one but not to all types and 
ranges and makes. Thus we have the 
third and fourth classes: 

(3) A specific mathematical theory 
is one that applies as stated above and 
that is presented in mathematical lan- 
guage. There are a great many ex- 
amples in the scientific literature of 
the radio, electronics and wire-com- 
munications fields. 

(4) A specific practical theory is 
one that applies as stated above and 
that is presented in non-mathematical 
language so that any person of mod- 
erate arithmetical ability can syn- 
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Fig. 1. Schematic diagram of ‘‘Genus I’’ Motron Servo. 
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Figs. 2A and 2B. a, Sa of Velocity-limited Error-proportional 
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thesize his own control system from the 
specific components covered by th. 
theory. The only example is the or, 
now disclosed for the first time in the 
easily-understood instructions which 
follow. It applies specifically to th. 
fully-adjustable components known as 
“Motron” and is therefore to be known 
as the Motron Theory.* 


It is not claimed that all existing 
types of complete servomechanism; 
may be duplicated or synthesized 4j. 
rectly in this manner by selecting 
electronic, electrical and mechanic] 
components which were developed in 
our laboratory. Nor is it claimed that 
extremely high performance may be ob- 
tained in all cases. However, if the in. 
dividual problem does not require such 
excessive speed of response that spe. 
cial low-inertia motors are required to 
minimize the dynamic lag error; or if 
the time constant of the system is not 
very long (e.g., a small fire under a 
large kettle would require a long time 
to reach equilibrium temperature after 
a change in the height of the flame; 
this is a “long time-constant” system) 
then an acceptable solution (defined in 
the next paragraph) could be provided 
by a set of components, or a system, 
designated as “Genus II Motron servo, 
Type 61A.” In this designation, the 
term “Genus II” refers to a Motron 
servo technically only applicable to 
high inertia systems with short to 
medium time-constant response. (Type 
61A” will be described later as an il- 
lustrative example.) These devices are 
not commercially available at the pres- 
ent time. 


By an acceptable solution is meant: 
(1) that the static sensitivity (i.c., 
smallest disturbing error to which the 
servo will cause corrective action) will 
be 0.14% to 0.02% under ordinary 
operations; and (2) that simple screw- 
driver adjustments are provided to 
prevent “hunting” and maintain “dead- 
beat” stability. (“Hunting” is a wild 
forced oscillation about the true operat- 
ing point, in which the servomotor 
overcorrects and forces false velocity 
response into the controlled mechanism. 
Such hunting may result in serious 
damage. “Dead-beat” operation is the 
smooth and gentle approach to a rest- 
ing place in minimum time without 
overshooting the mark.) 





*“Motron” is a registered trademark for 
equipment, manufactured by the company 
with which the writer is associated, for the 
electronic centrol of induction motors. The 
word is derived from the first syllable of 
Motor and the last syllable of Electron. 
The control is completely electronic in its 
operation. No relay or circuit-breaking de- 
vice is included, since the reversing action 
is accomplished by change in electron flow 
in two small high-vacuum tubes, The in- 
duction motors used are the conventional 
squirrel-cage rotor type with two-phase 
windings. The control circuits are at spark- 
less levels of microamperes. The methods of 
control and apparatus herein described or 
referred to have been developed in this 
company’s laboratories and are protected 
by the usual poet Fn a ow age etc. The 
system is official 7s esignated as Motron 
Velocity-limited, Error-proportional Servo- 
mechanism, featuring practical infinite gain, 
or generally as Motron. 
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CHARACTERISTICS OF THE SYSTEM 
SELECTED As First EXAMPLE 


This system has the following char- 
acteristics (see Figs. 1 and 2): 

(A) The torque-error constant of the 
servo tends to closely approach “prac- 
tical infinity.” (Full motor torque will 
be caused by an infinitely small error.) 

(B) Because of the fact that the 
torque-error curve is infinitely steep 
(within the limits of practicality and 
design finesse noted above) the only 
forces involved in controlling the 
torque-error curve are infinitely small. 


(C) If a given system load has suf- 
ficient inductance or inertia so that the 
maximum motor acceleration is too 
small, or the coupling between motor 
and load is too loose to prevent time 
phase shift of the feedback vector 
(i.e., motion of the inside feedback 
dial), severe hunting of large ampli- 
tude and low frequency may occur. 
However, if the servomotor is gover- 
nor-controlled so that the speed is di- 
rectly proportional to the error (in- 
stead of having the torque proportional 
to the error as is common practice) 
system stability is no longer tied to 
load inertia and inductance. The load 
may be removed completely, or the rela- 
tive balance between inductance and 
resistance may be changed without sub- 
stantially affecting the servo. To our 
knowledge no other servo possesses 
this characteristic of stable system per- 
formance independent of load inertia 
and load friction. This is known as a 
Motron Genus II servo and is appli- 
cable to high-inertia, short-to-medium 
time-constant mechanism and processes. 

(D) Ability to provide for the con- 
trol of an induction motor with very 
small amounts of power, much smaller 
than heretofore considered practicable. 
Therefore only small electronic equip- 
ment is required. 

Characteristics A through D are 
demonstrable. The theoretical relation- 
ships covering the desirability of in- 
finite gain are covered in certain ref- 
erences to prior art now held secret. 
Further discussions of the theoretical 
desirability of infinite gain should be 
postponed. 

Characteristic C is of the utmost im- 
portance to the design engineer of 
servomechanisms, since it enables the 
engineer to design a servo controller in 
the same objective straightforward 
manner that is possible in other en- 
gineering problems. This characteristic 
C makes possible so important a for- 
ward step in servomechanism practice 
that we recommend the re-examina- 
tion of all previously-designed servo- 
mechanisms to evaluate their possible 
performances in terms of velocity-lim- 
ited error-proportional operation with 
practically infinite gain. 

The distinctive characteristic of this 
system is that the velocity of translation 
of the controlled variable is propor- 
tional to the error, provided only that 
certain relationships between system 





Figs. 3A and 3B. General view and close-up of an experimental ‘‘Genus II Type 61A”’ 
Motron Servo. 


kinetic energy and rate of energy input 
be maintained. (Contrast this relation- 
ship with the conventional torque pro- 
portional to error system.) Specifically, 
a@ governor is associated with the con- 
trolled variable in such a manner that 
there is a unique governor deflection 
for any condition of speed and direc- 
tion of translation of the controlled 
variable. This governor is in the case 
on the rear of the motor to the right 
of the fan. See Fig. 3. The error of 
the variable is the position of the con- 
trol contact that codperates with the 
governor, which is the difference in 
angular setting between inside and 
outside dials. Specifically, then, a given 
error in the controlled variable sets 
up a given error-contact deflection posi- 
tion. The electronic controller then 
regulates energy input so as to estab- 
lish the proper controlled variable and 
governor velocity for the given error. 
As the controlled variable approaches 
the zero-error position, a smaller and 
smaller governor velocity error is 
called for until at zero error the veloc- 
ity is also zero and the controlled 
variable is at rest. 

By suitably restricting the actual end 


travel of the error-contact position, the 
maximum velocity of the controlled 
variable translation can be limited to 
any desirable fraction of full-speed 
translation in spite of the instant con- 
dition of very large error. Thus the 
system can never “run away” faster 
than desired. This is a positive check 
against the occurrence of hunting and 
instability. 

In the case of the Type 61A servo 
shown in Fig. 3, the governor error- 
contact is on an arm supported from 
the top of the governor case. The axle 
supporting this contact arm protrudes 
through the governor case and has a 
counterweight shaft with adjustable 
weights (screw thread nuts) to regu- 
late the contact pressure on the gov- 
ernor. This counterweight may be seen 
between the governor case and the in 
side feedback dial. Thus the angular 
positien of this counterweight shaft 
corresponds to a given velocity-setting 
on the governor. The limiting-velocity- 
stops on the top-side of the case, back 
of the inside dial, restrict the angular 
travel of this shaft. 

The governor contact arm is oper- 
ated by an error-eccentric of adjustable 
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eccentricity (inside the case). This 
error-eccentric is mounted on a shaft 
concentric with the two-dial axis, and 
the outer end of this shaft is driven 
from an epicycioidal differential gear 
(same as an old style Ford transmis- 
sion) which applies the difference be- 
tween the two dial settings as an 
angular rotation to the error-eccentric. 

By changing the eccentricity of this 
eccentric, a given error (or difference 
between inside and outside dial read- 
ings) can be made to call for a wide 
range of governor speed settings. Thus 
if this eccentricity setting is large, a 
relatively small error can cause a 
relatively large motion of the governor 





If the error (difference in the two 
dials) becomes too large, the error-ec- 
centric will rotate far enough so that 
the governor contact will touch the gov- 
ernor. In this occurrence, the direction 
of rotation of the servo will reverse 
and approach the balance point from 
the opposite direction. This is indicated 
by the solid lines f in Fig. 4. 

If it is necessary that a considerable 
range of error be required, an impulse- 
type stepping-switch may be operated 
by the error-eccentric contacts so that 
there is only the one balance point in 
spite of several revolutions of the error- 
eccentric. This is indicated by dotted 
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contact and hence cause a high speed 
change of the motor; See line a, Fig. 4. 
If the eccentricity setting is small, it 
will require a relatively large error 
(difference in angular setting of the 
two dials) to cause a relatively small 
speed change; see line b, Fig. 4. If 
the eccentricity setting is small enough, 
the governor contact arm cannot move 
far enough to bring the system up to 
full speed even with maximum error. 
See line c, Fig. 4. 

Thus, increasing the eccentricity of 
the error eccentric will increase the 
speed of response, and decreasing the 
eccentricity will make the system slug- 
gish. By increasing the eccentricity un- 
reasonably (see line a, Fig. 4) the 
system sensitivity of response to small 
error may be made extremely high— 
far beyond the limiting sensitivity for 
stability. In this condition the system 
will hunt violently until the speed- 
limiting stops are restricted sufficiently 
to limit the maximum velocity to a 
value that will prevent hunting; see 
line d, Fig. 4. The system is then ex- 
tremely sensitive—responsive to small 
errors—yet remains stable and dead- 
beat for large errors. However, the 
system may be undesirably sluggish in 
responding to relatively large errors 
if the lowered velocity response is not 
removed at a suitable large error; see 
line e, Fig. 4. This can be accomplished 
by placing suitable contacts in the 
governor electronic control circuit that 
will be actuated by the error eccentric. 
These contacts will remove the gov- 
ernor from control of the servomotor, 
thus allowing it to come up to full 
speed (see line A, Fig. 4) when the 
error is unduly large. (These contacts 
are not shown in Fig. 5.) 
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line g in Fig. 4. The velocity in one 
direction may be higher than in the 
other. This is indicated by dotted line 
j in Fig. 4. 

The above-described response action 
leads to two very simple alternate de- 
sign theories, both of which are capable 
of resulting in satisfactory perform- 
ance. 


THeory “A” 

Connect the servomotor to the load 
by any ratio gear drive that will give 
the approximate speed of operation de- 
sired (or higher by a reasonable per- 
centage). Arrange a feedback linkage 
or gear from the controlled system to 
rotate either of the dials on the gear 
case. (In Fig. 3, a rubber belt from the 
worm gear shaft rotates the inside 
dial.) If the inside dial is used, pick 
a feedback gear ratio that will cause 
about 10 to 20 r.p.m. of dial at full 
speed of servo. If outside dial is used, 
the speed range at full servo speed 
should be approximately 20 to 40 r.p.m. 

Lock the other dial in position, place 
the servo in operation, and observe the 
operation after a suitable warm-up pe- 
riod. If the system is sluggish, the ec- 
centricity of the error-eccentric may be 
increased until the desired speed of re- 
sponse consistent with stability is ob- 
tained. If the stability is poor and there 
is overshooting and hunting, the eccen- 
tricity of the error-eccentric should be 
reduced until satisfactory stability is 
reached. 

This design Alternate Theory “A” 
gives the best over-all balance speed 
of response, sensitivity and stability. 


THEORY “B” 


In the event that no definite gear 
ratio can be chosen for the feedback 
dial, or if the feedback path is at un- 
usably low energy and torque levels, 
or subject to process control response 
of indeterminate velocities and amounts, 
the following procedure is indicated: 

Connect the servo to the system with 
any desirable gear ratio as before. Con- 


nect the feedback link mechanic 
either to the outside input dial or ;, 
the governor counterweight axle 
rectly with any convenient ratio. 

Place the system in operation and 
observe the response. If the system ;; 
sluggish, the feedback gear ratio n 
be increased so as to have a given mo. 
tion of the feedback mechanism cause 
a larger governor arm displacement. 
This result is not likely to occur unless 
the feedback motion is very small and 
weak. If the system operation is wun- 
stable and tends to hunt and overshoot. 
the speed-limiting stops on the top-side 
of the case must be raised so as to |iiit 
the top speed to the extent necessar 
to prevent instability. 

The speed-limiting stops should not 
be extended more than necessary to in- 
sure adequate process control, and th 
most critical direction of operation 
should be selected for the lowest speed. 
For instance, if the servo is used tc 
cause a cutting tool to trace the out- 
line of a pattern, it would be desirab\ 
to limit the velocity of cutting too! in 
toward the finished side so that the 
tool would approach slowly and care- 
fully and not gouge into the finished 
surface. The velocity in the opposite 
direction could be as high as desired as 
long as satisfactory stability is main- 


In this connection, a note that th 
governor electronic control circuit may 
be used to limit the travel of the system 
in either direction without destroying 
the ability of the error system to regain 
control once the error becomes less than 
the setting of the limit switch. Since 
the limit switch must carry only micro- 
amps, the most delicate machine ele- 
ments may be protected by direct con- 
tact of small silver catwhisker wires, 
or other delicate contact-making parts. 


APPLICATION INSTRUCTIONS: 
THE CHARACTERISTIC CURVE 


In order to make the application of 
the theory more lucid and to make the 
characteristic curve, Fig. 2, easily un- 
derstandable, its application to a hypo- 
thetical servomechanism problem wil! 
be illustrated. 

Let the servomotor be fastened to the 
load through suitable gear reduction so 
that the load (i.e., the controlled vari- 
able) has a satisfactory rate of trans- 
lation. This rate should be higher than 
the minimum acceptable rate by a sub- 
stantial percentage to permit adequate 
control of operating speed. 

Let the position of the load or con- 
trolled variable operate a suitable error- 
detection system that shall be coupled 
to the governor of the servomotor 
through a manually-adjustable contro! 
or differential to permit inserting the 
proper zero error or balance point, cor- 
responding to the vertical zero line on 
the characteristic curve. Such a differ- 
ential is included between the two dials 
on the side of the governor case on the 
rear of the motor; see Fig. 3. These 
from an epicycloidal differential gear 
inputs may be utilized if desired, or the 
governor contro] shaft may be utilized 
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directly if desired. (The outside dial is 
supported on small precision ball bear- 
ings of negligible friction. This input 
torque to control the servo is so small 
as to be difficult to measure. A triangu- 
lar piece of dampened tissue paper 14” 
long by %” wide at the base, used as 
a cantilever beam and rubbed against 
the flat surface of this outside dial, 
will transmit enough torque to control 
the servo in a non-hunting manner.) 


/ 
(ZERO ERROR 36 


The servomotor thus enters the throt- 
tling range at maximum C-W velocity. 
The inertia of the load and motor rotor 
turning at high speed carry the servo 
into Area B along the dotted line, 
which reverses the torque of the servo 
as shown by curve 3 of Fig. 2B. 
This reverse torque absorbs the kinetic 
enetgy of rotation of the servo and 
causes a decrease of velocity along the 
governor characteristic. As long as 
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Fig. 5. Schematic of ‘‘Genus III’’ Motron Servo. 


by long-time-constant process or mechanism if 


The error-detection system may be of 
any type that will provide enough 
torque to operate the outside dial or the 
governor axle and should have no back- 
lash. The inside dial is mounted on a 
large needle bearing and should be ro- 
tated by the servo feedback mechanism 
or used as a mnanually-set dial to adjust 
the operating balance point as may be 
required. When the condition of sta- 
bility is reached (as explained under 
Alternate Theories A or B) the servo- 
motor will stop a medium-inertia load 
from high speed with the smooth dead- 
beat action illustrated in curve 3 of 
Fig. 2B, and a medium frictional load 
according to curve 1. 

The operating method of this system 
will be understood by noting the cross- 
hatched areas of Fig. 2A. Every con- 
dition of load error and velocity will 
fall into plus or minus Area A or B, 
with the corresponding conditions of 
velocity and integrated torque associ- 
ated with each area. Suppose that the 
above medium-inertia hypothetical servo 
load has an error and velocity relation- 
ship that will fall in Area A and that 
the velocity-limiting stops are fully 
retracted so that the motor can attain 
its maximum speed of synchronous ro- 
tation minus slip rotation, and that the 
error-eccentric is adjusted for optimum 
response. For control purposes this 
would allow the alternate area to be in 
the A area category and the servomo- 
tor could run at its maximum speed 
in the C-W direction until the error is 
small enough to allow the error-contact 
to intersect the governor characteristic 
at point 1, which is the limiting error 
for maximum velocity. 











NOTE—Governor inputs may be driven directly 
possible. This will eliminate follow-up system. 


the instantaneous velocity-error codrdi- 
nates are in area B, the servomotor 
torque remains negative and soaks up 
the kinetic energy, thus slowing the 
system down. If this reverse torque con- 
tinues sufficiently to lower the velocity- 
error co6rdinates into area A, the 
servomotor torque will become C-W 
and increase the speed sufficiently to 
raise the speed up to the governor 
characteristic. 

In this manner, the speed of the 
servo follows the governor characteris- 
tic down to smaller velocities and small- 
er errors until the zero error produces 
zero velocity. At this zero point the 
velocity is zero and there is no change 
of the error unless the controlled vari- 
able is disturbed. In this case the servo- 
motor operates to restore the system 
to the zero point in exactly the same 
manner as above. 

The servo approaches the balance 
point from the opposite direction in 
an analogous manner, using the nega- 
tive values of all areas, speeds and 
torques. 

If the system has a synthetic error- 
displacement rate fed into the outside 
governor control dial, the servo will 
attain a velocity that will exactly match 
the input displacement-error rate, but 
will lag the input error signal by the 
intercept on the governor characteris- 
tic required to maintain the given input 
error rate. This is a dynamic lag error. 

The accuracy with which the balance 
or zero-velocity point is reached is high 
(as explained under “Characteristic 
A”). In the model shown the limiting 
slope for optimum response of the gov- 
ernor characteristic on the inside feed- 
back dial is approximately 100 servo- 





motor r.p.m. per degree of inside dial 
rotation. Since the gear ratio between 
the inside and outside dials is 1:2, the 
outside dial must rotate twice_as fast 
as the inside dial, and in the opposite 
direction. Hence the limiting slope of 
the governor characteristic on the out- 
side or input dial is approximately 50 
r.p.m. per degree of rotation of the in- 
put dial. The above limits are for dead- 
beat (no overshooting) operation of a 
medium-inertia load and a _ feedback 
gear ratio of 2 motor turns = 1 turn 
of inside dial. The slope of the charac- 
teristic may be steepened appreciably 
if (a) a larger-powered Motron is used, 
or (b) a low-inertia servomotor is used 
or (c) it is allowable to have one or 
two overshoots, or (d) Design Alter- 
nate Theory “B” with large eccentric- 
ity and slow velocity is used. 

Thus, for exceedingly fast, high-dy- 
namic-accuracy type servos, a suitable 
design including all three of the above 
modifications (a), (b), (c) and Design 
Alternate “A” could produce a slope 
up to ten times the above rating, or say 
500 r.p.m. per degree input or more 
and still maintain full speed operation 
with dead-beat response. 

At this slope of the governor charac- 
teristic of 50 r.p.m. per degree of input 
dial the throttling range is + 34° rota- 
tion of the input dial on 60-c.p.s. power 
supply and 1700-r.p.m. motor. 

The worm gear reduction of the 
Model 61A shown is 60:1 with a no-load 
output speed of 29 r.p.m. With the mo- 
tor output shaft geared 2:1 to the in- 
side feedback dial, one turn of the 
outside or input dial will cause 1 turn 
output of the motor worm gear shaft. 

The torque available at this shaft is in 
excess of the following values: Starting 
torque—28 inch-lbs.; Maximum load torque 
at 20 r.p.m.—35 inch-lbs.; Maximum load 
hp. (30% efficiency of worm gear)—1/100 
hp.; Maximum safe load torque for long 
gear wear—13 inch-lbs. 

(If the worm gear shaft is stopped forci- 
bly when the motor is rotating at high 
speed, it is quite likely that the worm gear 
teeth will be sheared off. Protracted power- 
on operation in the stalled condition where 
the motor is exerting full starting torque 
on the load without motion of load will re- 
duce gear life. It is therefore recommended 
that all obstructions or limits of travel of 
the load be protected with limit switches in 
the electronic leads of the governor.) 

With the worm gear output shaft 
geared 2:1 with inside feedback dial so 
that one turn of outside input dial pro- 
duces one turn of worm gear output 
shaft, the motor will position the dial 
to any selected degree marking within 
+ 0.25° on feedback dial. External dis- 
turbances or step-inputs of error will 
always be cancelled out within this 
+ 0.25°. Thus the motor will drive the 
feedback dial to within + 100/(4360) 
= + 0.07% of its balance point. This 
corresponds to + 0.14% on input dial 
and motor worm gear output shaft. If 
the worm gear shaft is geared to a ro- 
tating load through a 6-to-1 gear re- 
duction, the load will rotate about 5 
r.p.m. top speed and can be positioned 
to + 0.02% or 4 minutes of are of a 
given point. 

This 0.14% sensitivity is the most 
unfavorable control condition likely to 
be met, since it assumes that the entire 
range of the controlled variable is in- 
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cluded within one turn of the worm 
gear shaft. If the input-dial drive can- 
not conveniently drive the input dial 
through the 34° throttling range direct- 
ly, this throttling range may be lowered 
to a smaller value by increasing the 
eccentricity of the governor cam arm 
inside the governor case. This increases 
the slope of the governor characteristic 
as much as desired above the limiting 
100 r.p.m. per degree for dead-beat op- 
eration. With this hypersensitive gover- 
nor characteristic (Design Alternate 
Theory “B”) the servo will be unstable 
and hunt violently unless the speed- 
limiting stops on the governor counter- 
weight shaft (top-side of the governor 
case) are raised to restrict the speed. 
The percentage accuracy of static bal- 
ance will increase directly as the slope 
of the governor characteristic increases. 
For instance, if the cam eccentricity 
is increased to steepen the governor 
characteristic slope to 500 r.p.m. per 
degree on the inside dial the full speed 
throttling range on the outside dial 
would be about + 7°. However, the 
speed-limiting stops will have to be 
placed so as to limit the speed to about 
40% of full speed to maintain dead- 
beat operation. Therefore the net 
usable throttling range is 40% of + 7° 
or + 8°, the top output speed is 40% 
of 29 or 12 r.p.m., and the sensitivity 
of balance will be + 0.14/5; = + 0.08% 
for one revolution total travel of worm 
gear shaft, or 0.005% for 6 turns of 
worm gear shaft, approximately. 

After each change of cam drive ec- 
centricity, it is necessary to re-adjust 
the side plate (notice slots for this 
purpose in Fig. 8A) carrying the two 
dial plates to center the balance point 
in the throttle range (i.e., make the 
positive throttling range equal to the 
negative throttling range). The speed- 
limiting stops should then be re-adjust- 
ed if necessary. 

It should be observed that the dead- 
beat and extremely sensitive servo ac- 
tion described above is insensitive to the 
inertia or friction character of the load, 
since the electronic regulator automati- 
cally detects whether the stopping 
operation is in Area A or Area B and 
acts to restore the velocity to the gov- 
ernor characteristic, thereby assuring 
dead-beat operation. 


THEORY FOR SYNTHESIS OF “HIGH- 
PERFORMANCE” SERVOMECHANISM 


Now we are ready to apply the the- 
ory to the solution of more difficult 
problems. It goes without saying that 
the requirements for the dynamic char- 
acteristics of some components are 
much more rigid. If this were a course 
of lectures, much of what has been ex- 
plained would have to be repeated at 
this point. The reader is asked, there- 
fore, to read again the preceding sec- 
tions, or at least to glance through and 
satisfy himself that he understands the 
characteristics of the previously-de- 
scribed components and how they in- 
teract with the controlled variable. 

In order to obtain the high grade of 
performance known as “high-perform- 
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CLASSIFICATION 


A “Genus I’’ Motron servo is applicable to 
low-inertia, very short time-constant systems. 

A “Genus II’’ Motron servo (Type 61A) is 
applicable to high-inertia, short or medium time- 


constant systems. 
A “Genus III’ Motron servo is applicable to 
high-inertia, long time-constant systems. 





ance Motron velocity-limited error-pro- 
portional” servomechanism action, 
three requirements must be satisfied: 

1. The governor speed must be in- 
stantly proportional to the rate of 
motion of the controlled variable. 

2. The position of the error-contact 
must be instantly proportional to the 
displacement of the controlled-variable 
motion. 

3. The kinetic energy stored in the 
system at maximum system velocity 
must be absorbed completely by reverse 
motor torque in the half of the throt- 
tling range between full speed and zero 
speed so that the system arrives at the 
balance point with zero kinetic energy 
to prevent overshooting. 

Condition No. 1 states that the speed 
of the governor shall be proportional 
to the rate of the controlled variable. 
In any servo control problem where the 
servomotor is fastened directly to a 
mechanism to control its position or 
operation directly from the torque sup- 
plied by the servomotor, the speed of 
the servomotor will be proportional to 
the rate of the controlled variable. 
Hence, for all direct-drive applications, 
the governor is fastened on the rear 
end bell of and driven by the servomo- 
tor, as is shown in Fig. 3. 

For large power applications such as 
controlling the speed of large turbines, 
waterwheels, hydraulic steering servos, 
steam engines, etc., the servomotor may 
operate the throttle valve of the prime 
mover through a suitable reduction 
ratio. In this case the governor should 
be driven by the mechanism to be ¢con- 
trolled, i.e., turbine, waterwheel, steer- 
ing motor, etc. (The servomotor blower 
manifold should not have a cutout for 
the governor housing in this case, or a 
sheet metal cover should be placed over 
the opening for the governor housing 
to prevent the servomotor overheating 
by reason of the cooling air being by- 
passed.) 

In certain classes of large power ap- 
plications, such as steam turbines driv- 
ing generators, the output of which is 
subject to load regulation, it may be 
desirable to drive the governor directly 
from the final load condition, or from 
a small electric motor from the genera- 
tor output so that the governor speed 
is directly proportional to the con- 
trolled variable. 

In case speed control only is needed 
and reverse rotation is never required, 
the differential input speed to the gov- 
ernor from the cooling fan may be dis- 
pensed with by taking the internal belt 
drive off of the governor pulleys inside 
the governor case and locking the gov- 
ernor shroud to the inner shaft by 
means of the No. 4 hollow-head set 
screw provided. This increases the gov- 
ernor speed by 3.25:1 and spreads the 
governor throttling range from zero to 





full speed over 100° or more of the out. 
side input dial. 

A further simplification is possibj. 
in speed control applications in that no 
error input to the governor shaft js 
required. All that is necessary is to set 
the speed-limiting stop ‘(not shown jy 
Fig. 3) on the front of the governor 
housing to the desired speed. The elec. 
tronic regulator will then maintain 
system speed on the desired setting. 

If it is desired to synchronize a vari- 
able-speed system to another moving 
system, the difference in speed of the 
two systems may be obtained by means 
of a differential gear or differentia] 
synchro repeater motor, the output of 
which is transferred to the input dial 
as an error signal. This will alter the 
speed of the control system so as to 
cause it to remain in synchronism with 
the master system. The phase angle re- 
lationship of the controlled-variable 
system to the master may be set to 
any desired value by altering the dial 
reading of the inside dial and then 
locking it in place. 

Note in this connection that the 
“Type 61 A Motron” servo may be 
used as a torque amplifier or remote- 
positioning system. If a synchro re- 
peater motor is used to rotate the out- 
side input dial to the differential and 
the servomotor rotates the other inside 
feedback dial the servomotor will act 
as a torque amplifier for the synchro 
motor. The feedback vibration of the 
servomotor, through the differential to 
the synchromotor, cancels out all bear- 
ing “stiction” and load on the synchro 
repeater. A synchromotor geared 36:1 
to load will position the load within 1 
minute of arc with the above set-up, 
provided that a low-inertia motor and 
high-performance Motron be used, and 
that all backlash in the error-measur- 
ing system be eliminated. 

Conditions 1 and 2 above specify in- 
stant time response inputs to the gov- 
ernor system. This is not possible in a 
large class of servomechanism control 
problems, since a change in energy 
input by the servomotor may require 
several seconds or minutes for the 
error-measuring system to reflect the 
changed input conditions. Hence the 
governor does not represent the in- 
stantaneous velocity of the controlled 
variable and a slow hunting of the con- 
trolled variable may be expected. The 
period of this hunt will be several 
times the effective time-constant of the 
system. The amplitude of the hunt os- 
cillation may be minimized by restrict- 
ing the velocity of the servomotor by 
the adjustment of the velocity-limiting 
stops on the top side of the governor 
ease. In addition, the displacement of 
the servo may be restricted to any de- 
sirable small error range by using 
suitable limit-switches in the electronic 
control circuit with the governor. 

To illustrate this type of problem, 
suppose that the servomotor is to con- 
trol the fluid pressure in a system 
requiring varying quantities of fluid 
through a long piping system, by the 
remote operation of a gate valve from 
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source of higher air pressure. The 
yernor error shaft may be actuated 
by the pointer of the conventional 
Bourdon-tube pressure gage indicating 
the controlled pressure of the fluid. The 
pressure of the fluid thus sets up an 
error deflection on the governor that 
calls for the servomotor rotation to 
move the gate valve in such a direction 
to have the pressure approach the zero 
error position. As this approach is 
made, the speed of the servo becomes 
smaller and smaller, thus decreasing 
the rate of valve movement. 

However, since there may be some 
time lag between a change of the gate 
yalve controlling the air input and the 
fluid pressure actuating the Bourdon- 
tube pressure gage, the servo may have 
forced the gate valve too far so that 
the pressure will be above the desired 
control pressure. Thus the pressure 
tube gage finally rises high enough to 
cause reverse error, and hence reverse 
servo rotation. Again, owing to the time 
lag of the response of the Bourdon- 
tube gage, the pressure overshoots the 
proper control value in the opposite di- 
rection. (This condition is typical of 
the type of control response that will 
make the conventional torque-propor- 
tional-to-error system very unstable and 
limits allowable sensitivity greatly 
even with derivative control.) 

Because of the fact that the servo- 
motor velocity is proportional to the er- 
ror on the hunting cycle (instead of 
having the torque proportional), the 
maximum servo velocity is small, so 
that the gate valve never moves far 
from its proper control position. This 
means that the maximum amplitude of 
the hunt oscillation can never grow too 
large. It can be reduced to any smail 
desirable value by limiting the maxi- 
mum velocity which the servomotor can 
attain. Thus the hunt period can be 
made as much longer than the time con- 
stant of the system as is desired, which 
has the property of decreasing the 
hunt amplitude just as much as de- 
sired. Of course, the system response 
may be too slow and sluggish if the 
motor speed is restricted too much. 
However, the static accuracy of the 
system does not suffer. 

If the above servo speed-limiting re- 
sults in too sluggish response for sat- 
isfactory hunt amplitude, several 
tricks can be played on the system. The 
first is to limit the speed of response 
in only one direction, leaving the servo- 
motor speed in the opposite direction 
at its maximum. Observe the system 
operation in this direction. Then inter- 
change the speed limiting stops so that 
the opposite direction has the slow 
speed. Select the most desirable mode 
of these two alternates and. place a 
limit switch on the travel of the valve, 
so that as the servomotor travels in 
the high speed direction it soon runs 
into the limit switch. The limit switch 
thus codperates with the governor to 
limit the high-speed excursions of the 
hunt amplitude to the smallest reason- 
able value allowable. The governor- 
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NOTE ON TERMINOLOGY. — Control 
experts in different engineering fields use 
such different terminologies that each “lan- 
guage circle” seldom understands the others. 
As a rule, when accepting such an article 
for Instruments, we translate it into the 
universally-understood language of Instru- 
mentation. We made an exception in this 
ease because Mr. Robinette’s theory is a 
specific one. In spite of this exception, a 
firm foundation of the language of Instru- 
mentation remains the recognition of the 
FACT that an automatic controller consists 
of all elements from primary to final, as 
shown (for the pneumatic example) by the 
solid lines, We remain unalterably opposed 
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to the assumption that an automatic con- 
troller is only the shaded part. To repeat 
our 1924 argument: Given an “application” 
(dashed lines) can you control it with the 
shaded part alone? You can’t; you must 
specify and install the entire solid-line sys- 
tem. THIS, therefore, is the controller. 

We recognize that the simplifying assump- 
tion can lead to simple equations (such as 
those of Ziegler and Nichols); and also to 
useful extensions of electric feedback-circuit 
equations to the mechanical dynamics of 
gun-pointing servos, etc., as in this basic 
scheme used by Gordon Brown and his as- 
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sistants at MIT who successfully teach how 
to synthesize complete servo systems. But 


an automatic controller is more than a 
servo !—M. F.. BEHAR. 


adjust-stop limits the speed in the op- 
posite direction so that only small hunt 
amplitude is allowed. 

The above subterfuge becomes pro- 
gressively less and less satisfactory as 
the time-constant of the controlled sys- 
tem becomes longer and the desired re- 
sponse is closer to perfect (i.e., non- 
hunting dead-beat, “super accurate’) 
This is not a reflection on the validity 
of Conditions 1 and 2, but only a mal- 
practice brought about by nonconform- 
ity of actual relationships to the speci- 
fications of the theory for synthe- 
sizing the correct servomechanism. 

The obvious solution is to make the 
governor speed conform to the velocity 
of the controlled variable rather than 
to the velocity of the servomotor. Like- 
wise, the feedback should come directly 
from the controlled variable rather than 
from the servomotor position. 

This may be relatively easy to ac- 
complish in certain instances where 
large mechanisms are moved with suf- 
ficient force and power to permit gear- 
ing the governor directly to the mech- 
anism through a suitably large gear 


ratio, such as is the case of a large 
mechanism controlled by air or hydrau- 
lic pressure and having the servomotor 
operate the control valve. 

On the other hand, certain controls 
require that the error indication be 
taken from delicate indicating instru- 
ments such as gyroscopes, galvanome- 
ters, sensitive Bourdon tube movements, 
etc., and this will obviously require dif- 
ferent technique. 

Characteristics A and B suggest that 
extremely small force on the hand 
crank 1 (Fig. 1) would suffice to con- 
trol the servomotor of Fig. 1, ard that 
the accuracy of such control would be 
exceedingly high. Actual operating 
servos identical to Fig. 1 will display a 
sensitivity of 1 part in 20,000 to 1 part 
in 100,000 or 0.005% to 0.001%. Thus if 
the needle of the sensitive indicating in- 
strument is substituted for hand crank 
1, the position of the follow-up contact 
2 bears a true relationship to the posi- 
tion of the controlled variable, and the 
speed of the rotor 3 of the follow-up 
motor is an accurate duplication of the 
rate of controlled-variable translation. 
Thus if the feedback for the inside feed- 
back dial is derived from gear train 4 
of Fig. 1, and rotor 3 drives the gover- 
nor input speed, Conditions 1 and 2 
are carried out in spite of the fact that 
there is a long time interval between 
the main servo (“61A”) response and 
the appearance of response on the in- 
dicating needle. See Fig. 5. 

Because of the fulfilling of the Con- 
ditions 1 and 2, long-time-constant ser- 
vomechanical control problems may be 
solved in the same manner as the short 
time constant problems, exactly accord- 
ing to the previously-explained theory. 
“Super-accurate,” dead-beat, non-hunt- 
ing operation consistent with maximum 
response speed and insensitivity to 
changes in load inertia, resistance and 
time constant is possible. A system thus 
synthesized is termed a “Genus III 
Motron servo for long time constant 
systems.” Such a system is shown in the 
block diagram, Fig. 5. Such systems are 
not commercially available for civilian 
uses at the present time, but it is in- 
tended to make all essential components 
available to industry at a future date. 


CONCLUSION 

The information disclosed in the fore- 
going is believed to represent a radi- 
cally new theory of servomechanical 
control. Since the theory is unorthodox 
and unencumbered with the usual trap- 
pings of the art, it is to be expected that 
those engineers and physicists most 
experienced in the art will be the most 
skeptical. Therefore, to engineers and 
physicists who are skeptical because of 
training and experience, and also to 
those who have no formal knowledge of 
this specialized field but are skeptical 
for different reasons, we ask to keep 
one simple thought-pattern in mind: 

“To place a given object on a given 
spot and have it stay there, the ob- 
ject’s velocity must be zero as it reaches 
the given spot.” (Corollary of Sir Isaac 
Newton’s First Law.) 
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Scientific Glass Blowing and 
Laboratory Techniques 


By WILLIAM E. BARR and VICTOR J. ANHORN, Gulf Research & Development Company 


Ill. THE FABRICATION OF MULTIPLE GLASS 
SEALS 


Condensers, liquid traps, vacuum-jacketed distillation 
columns, diffusion pumps, liquid-level controllers, as well 
as numerous other parts of special glass equipment, re- 
quire in their fabrication the use of the internal, triple 
or commonly-called ring seal. This seal is located where 
yne tube passes through the end or side wall of another and 
actually forms a ring at the juncture of the tubes. The 
methods of making this seal may be divided into two 
classes: 

1. The inner tube is not supported when the seal is 
made. 

2. A support of the inner tube is necessary because of 
its weight or position. 

RING SEALS WITH INNER TUBES UNSUPPORTED 


The simplest ring seal is the type in which a short 
length of tubing is sealed into a larger tube. The beginner 
must master this seal on a small scale to be successful in 
more complicated work where more than one or larger 
ring seals are required. The steps in making a ring seal 
with an unsupported inner tube are illustrated in Fig. 41. 

1. A tube with a diameter of approximately 16 mm. 
is drawn to a point. This point is then held in the left 
hand and the opposite open end is closed by fusing the 
glass, attaching a glass rod and pulling the tube end to 
a cone. In this step one must not forget that the glass 
tube should be rotated in the burner flame for even wall 
thickness in the cone. The tube is opened at the apex of 
the cone by heating this point until the lens-shaped form 
of fused glass has the diameter of the smaller tube which 
is to be sealed into the prepared opening. This glass is 
blown out to a small bulb, reheated and finally blown out 
to a thin-walled glass sphere. If one is careful in scraping 
away the glass, a small flare is retained as a foundation 
for the ring seal, Fig. 41A. The opening should be about 
11 mm. in diameter. 

2. A small tube, 10 mm. in diameter, is heated at the 
desired location for the ring seal. A short section, 4%” in 
length, is fused and a small bulb is blown. Immediately 
after the bulb is blown and while the glass is still in a 
plastic state, the two ends are pushed together to form 
a tube section as shown in Fig. 41B. The outside diameter 
of this glass shoulder should be only slightly larger than 
the diameter of the opening on the larger tube. 

8. The open point end on the large tube is sealed and 
the smaller tube is placed in position so that its shoulder 
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Fig. 41. (Drawings by Richard P. Jones, Gulf Res. & Dev. Co.) 
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Fig. 42 


rests on the small flare at the opening of the large tube, 
Fig. 41C. 

4. The ring seal is made by holding the two tubes to- 
gether while rotating them in the flame. The glass should 
be fused sufficiently at the juncture of the two tubes to 
yield a good leakproof seal. Subsequent collapsing and 
expanding at the seal is required to work the glass. Dur- 
ing this work one must be careful to balance the inne: 
tube by adequate rotation. After the seal has been com- 
pleted it is heated sufficiently for final alignment of the 
center tube. It is then annealed. The completed seal is shown 
in Fig. 41D. 

It is frequently desirable to butt seal a side arm on th 
shoulder or rounded portion of the large tube. When a 
side arm is required, as in the case of condensers, the ring 
seal must be kept hot to prevent it from cracking whi: 
the side arm is being attached. The latter, if placed nea: 
the ring seal, will be most efficient functionally if the fab- 
ricated glass is to serve as the end of a condenser. Side 
arms close to the ring seals are also required for traps. 

The fabrication of a suitable side arm will depend upon 
the shape and form desired for connecting auxiliary equip- 
ment. It is also important to make the side arm before the 
ring seal is started so that no time is lost in butt seal- 
ing the former to the outside tube. Under such conditions 
the finished ring seal need not be reheated: The successive 
steps in making a side arm for a rubber tube connection 
are given in the following steps. 

1, A point is drawn on the giass tubing as shown in 
Fig. 42A. 

2. The tube is then constricted by fusing the glass at a 
point one inch from the shoulder of the point. The tube 
must be rotated in the burner flame and one must be care- 
ful not to pull or push the ends of the glass while the con- 
striction is being formed, Fig. 42B. 

3. The glass is then heated at the right of the constric- 
tion until the glass begins to soften sufficiently so the tube 
can be pushed together to form a small bulge, Fig. 42C. 

4. The glass to the right of the bulge is constricted by 
fusion, Fig. 42D. 

5. The tube is then cut to the desired length by tech- 
nique of preparing a tube end for sealing, Fig. 42E. 

6. The side arm is sealed to the glass tube containing 
the ring seal by the procedure outlined under butt sealing. 
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One should be careful to keep the ring seal hot while the 
side arm is attached. The position is shown in Fig. 42A or B. 

The fabrication of uniform and reproducible drop coun- 
ters is quite important in the production of ebulliometers. 
The ring seal is made by using a special inner tube which 
is fabricated as illustrated in Fig. 48D and E. 

1. The counter is formed by fusing the end of a glass 
rod until the fused ball has the required diameter, Fig. 43D. 
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Fig. 43 


The diameter is increased by fusing the glass of the rod and 
allowing the glass to flow to the glass sphere. The rod must 
be rotated during the fusing process. 

2. The inner tube is prepared by heating a short section 
and expanding the fused glass with air pressure. The tube 
ends are pushed together during this operation to form a 
small shoulder of glass. 

8. The end of the dropper is completed by bending the 
tube to one side of the shoulder, Fig. 43E. The tube is cut 
at the bend with the flame and the ball is attached by fusing 
both the one edge of the tube end and the ball and pushing 
the two together. The ball is then cut on the cutting wheel 
at the center indicated by the dotted line, Fig. 43E. 


RinG SEALS WITH INNER TUBE SUPPORTED 

The inner tube of a ring seal must be supported when it 
is long and heavy or when the tube is to be sealed in a 
definite position as through the side wall of the larger tube. 
Ring seals are best made by applying air pressure to both 
sides of the inner tube. The fabrication of glass holders for 
supporting one tube has been described as simply butt seal- 
ing a small tube to a larger tube and cutting the latter with 
an abrasive wheel. When inner tube supports are required, 
a holder is fabricated as illustrated in Fig. 44A. 

1. One end of the holder is made by butt sealing a small 
tube to a large tube. Instead of cutting the latter on the 
end opposite the seal, a second tube is butt sealed to the 
large center tube. This small tube is cut with an abrasive 
wheel to the desired length, Fig. 44A. 

2. It has been pointed out that in the fabrication of ring 
seals, means of applying air pressure to both sides of the 
inner tube are necessary. If the larger end of the holder 
is to be used for applying air pressure, openings on the 
shoulder near the seal of the smaller tube will make it pos- 
sible to obtain pressure in the tubing assembly. These open- 
ings are made by heating a spot on the large tube shoulder 
until the glass is fused and then drawing out the fused 
glass with a glass rod, Fig. 44B. 

3. The thin cone-shaped glass is scraped away and the 
opening is fire polished, Fig. 44C. Three or four openings 
are sufficient. 

After the openings are made, the holder should be rotated 
in the left hand to test the smaller tube for exact align- 
ment, Several holders with different tube sizes and lengths 
should be prepared for future use in the fabrication of 
ring seals. 

A definite procedure should be adopted when glass equip- 





ment is being made. The beginner will find that considerable 
time is saved if the various parts of the proposed equip- 
ment are first prepared. This is especially important when 
ring seals are involved because once the equipment is being 
assembled the work need not be interrupted until all seals 
are made. The reheating of a ring seal which has been 
allowed to cool is time consuming. 

The production of a ring seal by supporting the inner 
tube is best performed by first making the integral parts 
required for the total assembly. 

1. The inner tube is flared by rotating the end of a tube 
in the burner flame and opening it with a triangular flaring 
tool. One must be careful to prepare the flare with uniform 
wall thickness, Fig. 44D. 

2. The outer tube is made by supporting one end of an 
open tube length with a holder. Asbestos tape is used for 
holding the tube on the holder. The opposite end is closed 
to a round end, Fig. 44E. 

3. The side arm and the tube extension of the inner tube 
are prepared as previously described. Both should have 
axial points. 

4. The inner tube is supported on the small tube end of 
the holder by using asbestos tape. The outer tube is then 
supported on the enlarged section of the tube holder with 
asbestos tape, Fig. 44F. 

5. The tip of the round end of the larger tube is fused 
by rotating it in the burner flame until the glass of this 
large tube is fused to the inner tube. 

One should be careful not to collapse the glass of the 
outer tube behind the point of contact between the tubes. 
The fused glass is blown out slightly and fused again to 
insure a good seal between the inner and outer tubes. The 
glass covering the flared end of the inner tube is then fused 
and blown out to a small bulb. This bulb is heated with 
rotation until the glass is fused to within an eighth of an 
inch from the ring seal and blown out to a thin walled bulb. 
The glass is scraped away with a forceps and the end is 
fire polished. The inner tube extension which was prepared 
before the ring seal was started is immediately butt sealed 
to the opened ring seal. The open point end of the inner 
tube extension is used for applying air pressure while the 
open end of the dual tube holder is closed with a small cork. 
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After the butt seal of the inner tube is completed the side 
arm is immediately sealed to the outer tube, Fig. 44G. The 
entire assembly is then annealed and allowed to cool. The 
holder is then carefully removed. 

A ring seal at the wall of the outer tube is frequently 
required and is made by using the dual glass holder. All 
parts of the complete assembly should be made before the 
ring seal is started. 

1. The inner tube is made by bending a glass tube at a 
right angle. The tube is cut squarely with the flame and fire 
polished. It is important that the end be square, Fig. 45A. 

2. The extension for the inner tube is prepared in the 
usual manner by first pulling a point on the tube and then 
opening the other end with the burner flame. 

8. The outer tube is mounted on the glass holder with 
asbestos tape and a point is drawn on the tube. The holder 
is then removed and the inner tube is mounted on the holder 
tube. The inner tube should be centered and should also 
touch the outer tube wall. The outer tube is mounted as 
shown in Fig. 45B. 

4. The outer tube is rotated in the burner flame until it 
is hot but not to the extent that it is pliable. It should be 
heated periodically in this manner as the seal is made. The 
outer tube is then heated at the point where the inner tube 
touches the outer tube wall until the glass is fused suffi- 
ciently to form a seal with the inner tube. The glass at this 
point is worked by blowing it out, Fig. 45C, and collapsing 
it by fusion. 

5. After a good seal is obtained at the juncture of the 
inner and outer tubes, the glass is fused and blown out to 
a small bulb which in turn is fused and blown out to a thin- 
walled sphere, Fig. 45C. The excess glass is scraped away 
and the opening is fire-polished. 

6. The tube extension is sealed to the ring seal. The 
point of this tube is used for applying air pressure while 
the glass holder end is closed with a small cork. The pro- 
cedure used in making this seal is simply a side arm sealing 
technique. The completed seal is annealed and allowed to 
cool. Extreme care must be taken in removing the glass 
holder because of the torque which can be developed if the 
end of the holder is moved away from the true center. It is 
best to remove the holder by pulling it out with slow rota- 
tion. 

Whatever types of ring seals are required, or whatever 
method is used in making them, ring seals at the opposite 
ends of two annularly spaced tubes present the problem of 
completing the seals without setting up too many stresses 
at the fabricated ends. After both seals are completed the 
outer tube must not be heated rapidly or expansion will 
cause the inner tube to break because of strains. 

The fabrication of a glass condenser will be considered 
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next in the study of ring seals. All parts such as inner tube 
extensions and side arms are made before the work on the 
condenser is started. 

1. The one end of the outer tube is prepared as described 
and shown in Fig. 41A. A glass holder is used to hold the 
tube instead of drawing a point, because the inner tube is 
inserted through the open end. The end which is opened by 
the burner flame should, in this case, have an opening 
slightly smaller in diameter than that of the shoulder of 
the inner tube. This tube is also flared at the end where the 
second ring seal is to be made. The flare is slightly smaller 
in diameter than the outer tube opening so that the inner 
tube can be inserted in the larger tube. If this tube is long 
or heavy, it should be supported by inserting a dual glass 
holder into the large tube end as well as the inner tube. 
The glass at the juncture is heated and the seal completed 
as described before and shown in Fig. 41A. 

2. A second method of making the first ring seal would 
be to follow the procedure outlined in Fig. 44. The inner 
tube is flared on both ends and inserted into the outer tube 
which has a rounded end. The seal is made as previously 
described and as shown in Fig. 44E, F and G. The side arm 
serves as an opening for applying air pressure to the out- 
side of the inner tube when the second ring seal is made. 
The ring seal is then annealed. 

8. The glass extension of the inner tube which was sealed 
at the ring seal is taken in the right hand after the end is 
cool, Fig. 46A. The holder is removed and the open end of 
the large tube is drawn to a point so that the shoulder 
formed almost touches the flare, Fig. 46B. This shoulder is 
heated until the glass collapses and forms a seal at the flare 
edge. A good seal is made by pulling away the excess glass, 
Fig. 46C, and working the glass at the seal by repeated 
collapsing and expanding. The application of air pressure 
to the side arm will keep the outside tube from collapsing 
behind the ring seal. The end is then heated and blown out 
to a thin-walled glass sphere which 1s scraped away. The 
end is fire-polished and the tube extension is butt sealed to 
the condenser. The side arm is attached close to the ring 
seal. The glass is then annealed. 


SPECIAL CONDENSERS AND JACKETED BURETTES 


There are occasions when special inner tubes or section of 
several bulbs are required for condensers or constant-tem- 
perature gas burettes. No elaborate inner tube holder need 
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be used because of the size of the inner tube assembly. 
Several strips of tape are sufficient for holding the tube. 

1. The outer tube which is to serve as a jacket is rounded 
at one end as shown in Fig. 47A. The technique in making 
round bottoms on large tubings has been described and 
shown in Fig. 35. ; 

2. The bulb assembly, Fig. 47B, is fabricated by making 
three bulbs by the procedure described before and shown 
in Fig. 38. Capillary tubing (2 mm.) is sealed to both open- 
ings of the first bulb while only one capillary is sealed to 
each of the remaining bulbs. One capillary tube is used as 
a handle which is held in the left hand. The second capillary 
tube is opened by the flame at the desired point. The second 
bulb which has but one capillary tube sealed to one opening, 
with the second opening as prepared in Fig. 31, is sealed 
to the capillary of the first bulb. The capillary of the second 
bulb is cut with the burner flame and the third bulb is 
sealed to the assembly. 

8. The fabricated bulb assembly now has a capillary tube 
at each end. One tube is opened near the large bulb with 
the burner flame by first making a small thick-walled bulb. 
This small bulb is cut at its largest diameter by heating 
and fusing the bulb at the tip until the glass is fused to 
the diameter of the bulb. This fused glass is blown out and 
removed by scraping away the thin-walled sphere. The end 
is fire-polished and flared with a round carbon tool. The 
glass is allowed to cool and the second end is prepared in a 
similar manner. 

4, The inner tube assembly is then put into the outer 
tube. Several strips of asbestos tape, between the bulb 
nearest the open end of the outer tube, and the outer tube, 
will be sufficient to hold the assembly for the fabrication of 
the ring seal. 

5. The inner tube extensions and the two side arms are 
prepared before the work is continued. 

6. The first ring seal is made and the side arm is sealed 
to the outer tube. It is desirable to bend the first side arm 
as shown in Fig. 47D to prevent kinking of rubber tubing 
if the jacketed condenser or burette is used in a vertical 
position. The second ring seal is completed and the side arm 
is sealed as shown in Fig. 47E. The ring and side arm seals 
are annealed as soon as they are completed. 




















Fig. 47 














e= > ' ? 


LESS THAN INSIDE 
OF INNER JACKET 












































ome = i } 
<i =I il raw 
a ae —_ _ > 
ASBESTOS TAPE | LESS THAN INSIDE 
OF OUTER TUBE 
ea 
& : ai = oe 
z — a ? 
¢ 
Cc 0¢ y 
D 
































i U) 
' 


WATER IN WATER OUT 


Fig. 48 


A condenser with a combination spiral and straight inner 
tube is shown in Fig. 47C. Fabrication of spirals will be 
described later. The condenser is made exactly as has been 
described under the procedure outlined for making the 
glass-jacketed gas burette. 

It is not necessary to describe the various designs of con- 
densers or traps which could be made. There are many 
types of commercial condensers and traps which can be 
obtained for specific laboratory work. One condenser which 
is useful will be described because several types of ring 
seals are required in its fabrication. This condenser consists 
of a combination of a straight water jacket and pencil con- 
denser, Fig. 48D. 

1. Four different tube sizes are chosen to properly pro- 
portion the annular spaces and to allow a maximum dis- 
tance for the side wall ring seals. The lengths of the respec- 
tive tubes will depend on the desired length of the con- 
denser. 

2. The pencil condenser is made by the procedure out- 
lined for making a simple trap. The inner tube is supported 
only if it is long and heavy. A small point at the end of 
the condenser will aid in causing reflux to drip from the end 
of the pencil condenser. The extension or center tube is 
bent at a right angle. Both this tube and the side arm tube 
are cut in the burner flame and flared so that the entire 
diameter is a little smaller than the inner jacket tube. 
Fig. 48A. 

3. An axial point is drawn on the inner jacket tube and 
the pencil condenser is put into the inner tube and held 
in place with tape, Fig. 48B. 

4. A glass holder is taped to the end of the inner tube 
of the proposed outside condenser and the point end is 
closed by sealing the glass. Three side arm tubes are then 
made, two of which are fabricated for hose connections. 
The ring seal:is made first by heating the outer tube by ro- 
tating it in the burner flame and then fusing the glass of 
the outside tube until a seal is made with the side arm of 
the pencil condenser. The glass is blown out slightly 
by applying air pressure to the open end of the glass 
holder. One must be careful that the glass covering the 
opening is fused sufficiently to be blown out to a small 
bulb without deforming the glass around the outside of 
the point of contact. The glass covering the side arm 


Continued on page 90 
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Navigational Instrument is First Peace-time 


Application of Radar 


[SEE FRONT COVER] 


SCHENECTADY, N. Y.—Growing 
out of General Electric’s research and 
production of radar equipment during 
the war, the electronic navigator—a 
shipboard radar equipment for com- 
mercial vessels—was the first peace- 
time application of radar. The equip- 
ment can detect through darkness, fog, 
or storm the position of any above- 
water obstacles such as lighthouses, 
buoys, icebergs, other ships, and land, 
up to a distance of 30 miles depending 
on the size of the object. It will revo- 
lutionize “thick weather” navigation, 
providing the mariner with an instru- 


ment to plot a safe course even though 
his norma! visibility is strongly limited 
by natural conditions. 

Installed in the chartroom or wheel- 
house [as shown in cover photo] the 
electronic navigator gives a radar map 
of the area surrounding the ship. The 
map may be 4, 12, or 60 miles in di- 
ameter, with the position of the ship it- 
self always at the center. Objects only 
200 yards away are shown when the 
4-mile map is used. All types of com- 
mercial and private boats — yachts, 
ocean liners, freighters—will find use 
for such equipment. 





Precision Oscillator for Radar, RCM 
and Walky-talkies 


JAMAICA, N. Y.—Details of a test 
oscillator which aided in insuring satis- 
factory operation of U. S. Army and 
Navy radar equipment, as well as jam- 
ming enemy radar systems, have been 
disclosed by its manufacturer, Fair- 
child Camera & Instrument Corp. An- 
other principal use of the instrument 
is in connection with radio communica- 
tions. During battle thousands of radio 
messages. crowd the air and the only 
way our men can be sure of communi- 
cating with their own headquarters is 
to send messages on predetermined 
wave-lengths, and then identify their 
answers by getting them on exactly 
the same (or another definite) wave- 
length. By means of the portable pre- 
cision test oscillator, radio sets are 
quickly and infallibly checked and ad- 
justed. 

An original design of NDRC’s radio 
research laboratory and the General 
Radio Company, but re-designed for 
quantity production by Fairchild Cam- 
era & Instrument Corp., the test oscil- 
lator is said to represent a miracle in 
mass manufacture of individually-cal- 
ibrated units 

The instrument is particularly val- 
uable in checking radar counter-meas- 
ure (RCM) equipment. Unless RCM is 
regularly checked by the test oscillator, 
its radio response is untrustworthy and 
meaningless. Frequently search receiv- 
ers pick up signals from our own air- 
planes and ships instead of the en- 
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emies’. The only way to trust their re- 
sponse is to have pre-tuned receivers 
whose frequencies have been constantly 
checked, and to send back our counter- 
signals on accurate wave-lengths. Then, 
even in darkness, we can be sure that 
our own men are not being shot down, 
because the wave-lengths of enemy ra- 
dar signals are jammed. The test oscil- 
lator can furnish radar pulses meas- 
ured in microseconds of the required 
critical accuracy. 

Primarily designed to provide a 
source of calibrated high-frequency sig- 
nals for testing in the field, the instru- 
ment delivers a small fraction of a 
watt, which is sufficient for test, but 
not strong enough to interfere with 
other radio equipment in the vicinity. 
Using a conventional triode, it covers 
the frequency range in two bands, 40- 
115 Me. and 115-500 Me. An adjustable 
pick-up loop provides control of the 
output power. Either an unmodulated 
or a modulated signal can be obtained. 
The modulation may be either 1000- 
cycle sine wave (simple musical tone) 
at about 50% modulation, or a special 
short regulated pulse used in certain 
classes of equipment. 

The complete test oscillator is com- 
posed of four main subassemblies: (1) 
an aluminum casting forming the main 
chassis upon which the other subassem- 
blies are mounted; (2) the butterfly 
circuit assembly, mounted on an indi- 
vidual casting; (3) the power supply 





and modulator shelf, a compact unit 
mounted on the main casting and co: 
taining transformers, tubes and othe, 
components; and (4) the panel wit! 
controls, power cable receptacle and 
output connector installed on it. 

All these major components are i: 
dependently removable and replaceab|: 
are especially adaptable for mass pri 
duction manufacture and easy servici: 
in the field. 

The oscillator frequency is controlle 
by the butterfly circuit, one path o 
which may be opened by a switch. Fo 
the high-frequency band, the switch 
remains closed and the butterfly oper- 
ates normally. For the low-frequency) 
range, the switch is opened. An exte: 
nal permanently-connected coil com 
pletes the butterfly circuit and reso- 
nates with the butterfly capacitance. 

Output power is obtained through a 
pick-up loop, rotated in the magneti: 
field of the oscillator-tuned circuit. 
This power is fed through a 50-ohm 
coaxial line to an output connecto: 
mounted on the panel. The output con 
nector can be used for two differen: 
purposes: as a receptacle for a con- 
nector in direct connection to a receiver, 
or as a mount for a built-in antenna 
that can be pulled out for direct ra 
diation. 

The test oscillator operates eithe: 
from an a-c. or d-c. source. A switch 
permits adaptation of the instrument 
for use with a-c. frequencies from 5() 
to 2600 cycles at voltages of 80, 115, 
or 230, such as may be found in com- 
mercial power systems of this or for- 
eign countries, as well as in certain 
aircraft power systems. It is also mad: 
adaptable for use with d-c. voltages of 
6.3 and 220. For operation with battery 
supplies, the 220 volts are obtained 
from five 45-volt dry batteries, and the 
6.3 volts from four 1.5 dry batteries, 
or a storage battery. When operating 
on d.c., the rectifier tube not being 
needed is automatically switched out 
of the circuit. 

Noteworthy component of the instru- 
ment is its oscillator-tuned circuit, a 
modified insulated rotor butterfly with 
two sets of 120° split stator plates and 
240° rotor plates (a floating rotor). A 
three-turn coil is permanently con- 
nected across a gap in the stator or 
inductive element of the butterfly, and 
a range switch is used to open or close 
this inductive element. The range 
switch itself is composed of a number 
of spring vanes that slide in slots in 
the butterfly stack. This provides mul- 
tiple contact with consequent low in- 
ductance and resistance. 

Noteworthy feature of the butterfly 
tuner is that it varies both the capaci- 
tance and inductance in an arrange- 
ment as simple as a variable capacitor, 
but without any electrical connection 
to the rotor assembly necessary. This 
eliminates troubles that usually develop 
when contacts are made to rotating 
parts. 








Good design and extreme precaution 
in production have virtually eliminated 
the most troublesome operating charac- 
teristic of all such oscillators, i.e., the 
drift caused by the radio set warming 
up. Warm-up time is not required for 
measurements of moderate precision, 
but only for those of extreme precision. 
The method by which this is accom- 
plished is still not to be revealed. 

Another advantage of the butterfly 
tuner is that it is small and compact, 
and takes the place of larger tuned 
circuits which would be needed at the 
frequencies used. Even so, the position- 
ing of its stator and rotor plates is 
very critical, and these are held to an 
overall tolerance of 0.0003” with indi- 
vidual plates ground to 0.0001”. Despite 
its small size, it can operate over the 
exceptionally wide frequency range of 
40 Mc. to 500 Mc., with harmonics 
usable at much higher frequencies. 

This precision instrument is being 
produced exclusively for the U. S.Army 
and Navy in quantity lots. For post- 
war use, it should make a useful instru- 
ment for amateurs with little money 
to spend, as well as for large radio 
and television laboratories. 





Instrument for Locating 
Enemy Radar 


BOSTON.—American Naval vessels 
easily located and identified Nazi and 
Jap radar installations through the 
use of an automatic radar direction 
finder, it can be revealed now that se- 
crecy on Radar Counter-measures has 
been lifted. This ingenious electronic in- 
strument, manufactured exclusively by 
the Submarine Signal Company, rev- 
olutionized the entire search technique 
for enemy radar sets. By means of its 
visual display of the direction-finding 
information on a cathode-ray tube, the 
operator could actually see the presence 
of the enemy installations. 

Developed in the closest connection 
with the NDRC Division 15 Radio Re- 
search Laboratory set up at Harvard 
University and devoted to RCM, the 
Submarine Signal radar direction find- 
er was one of the most versatile war in- 
struments. It measuréd the frequency 
of the intercepted signal as well as the 
direction from which it came, and was 
the only direction finder that could re- 
ceive successfully the ultra-high fre- 
quency signals produced by the very 
latest radars. 

The radar direction finder was so 
sensitive that the experienced operator 
could look at the picture on the scope 
produced by the intercepted signals, 
tell what kind of radar had produced 
the signals — anti-aircraft, surface 
search, gunfire control, etc.—and de- 
duce the size and class of the ship 
carrying the intercepted radar. 

In the course of its first trial run 
aboard a destroyer escort, the equip- 
ment clearly demonstrated its remark- 
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able capabilities. During maneuvers 
offshore at night the radar operator of 
the DE made contact with a target at 
a certain range and bearing. The 
countermeasures operator, meanwhile, 
picked up a number of different radar 
signals all having the same bearing. 
From the characteristics of these sig- 


Dusty Air No Longer 
Clogs Combustion 
Controller 


PITTSBURGH, Penna. — Develop- 
ment by a southern engineer of a new 
feature for combustion control systems, 
to meet conditions where fine dust in 
the air stops up the automatic-regula- 
tor mechanism, has been reported by 
the Hagan Corporation, combusiton en- 
gineers. 

The improvement was in the plant 
of the Southern Box & Lumber Com- 
pany, Wilmington, N. C., where G. Co- 
lucci, president, reported the difficulty. 
At the suggestion of J. T. Potter, 
Hagan and Hall Laboratories repre- 
sentative in that state, the engineer not 
only enclosed the automatic regulator 
in a box to keep out the fine dust but 
went one step further: he ran in a 
compressed-air line and kept a little 
positive air pressure in the box. This 
procedure made more certain that the 
regulator would stay clean. 

Incidentally, this solution could be of 
value in many other industries. 





nals, as well as from the frequencies at 
which they were tuned in, he deduced 
that the vessel detected must have been 
a U. S. cruiser. When this information 
was reported to the bridge, the cap 
tain’s amazement at the powers of elec- 
tronics could not have been more pro 


£ 


found. 


Inspectors Use Plant 


Intercom to Check Flaws 


AKRON, Ohio—The microphone has 
joined the micrometer and other tools 
that make up the equipment of the 
modern industrial inspector. 

To speed up war production, inspec- 
tors in certain departments of the B. 
F. Goodrich plant literally talk across 
the products they are inspecting into 
a special public address system, their 
“verdicts” going straight to the man 
doing the work. 

Seated before~a microphone, the in 
spector need only reach up and pull a 
callboard lever to “get the ear” of the 
responsible worker by way of a speaker 
horn suspended above the latter’s place 
of work. Thus a deficiency occurring 
in one “heat” or molding operation, for 
example, can be spotted before the 
error is repeated. The workman can 
press a button and “talk back” through 
the speaker, which will pick up speech 
as far as 50 feet away. 

The “mike” and speakers are credited 
not only with saving money and valu- 
able wartime rubber, but also with 
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speeding up production of carburetor 
diaphragms used in warplanes, as well 
as of brake cups, hydraulic brake rings 
and sealing rings, fuel cell parts and 
other items. 

In Mill 4, home of the Miller Rubber 
division of B. F. Goodrich, the Joud- 
speaker system has been in operation 
for a year and a half. A 21-station 
system reaches departments on five dif- 
ferent floors and, when not being used 
for inspection reports, carries recorded 
music and news broadcasts to the work- 
ers. It has been so effective that a simi- 


lar system with 20 stations has re- 
cently been installed in the industrial 
products division. 

The idea of using loud speakers for 
this purpose originated with Frank E. 
Trockle, general superintendent of Mill 
4. He borrowed a microphone and 
speaker and connected them up between 
the inspector and one diaphragm mold. 
The experiment was so successful that 
he called in Solomon Liebowitz, of the 
Electronic Engineering Company in 
this city, who designed the two sys- 
tems now in use. 





Instrumentation Solves a Nut Industry Problem 


SOUTH PASADENA, Calif.—The 
California Walnut Growers’ Associa- 
tion have the problem of separating 
cracked walnut shells from a mixture 












































of walnut meats and shells. This has 
been accomplished in the past by feed- 
ing the material into an air separation 
throat which is connected to a cyclone 
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and suction-side of a centrifugal fan. 
The fan pulls a high-velocity air stream 
through the throat and floats out the 
shells while allowing the meats to drop 
down on boxes or conveyors. 


The problem is complicated by the 
fact that the shells have a specific 
gravity of about 1.1 and the meats 
about 0.9. Thus the shells are consider- 
ably denser than the meats. However, 
owing to the shape of the shell particles, 
thin, flat and ragged-edged, their drag 
coefficient is enough larger than that of 
the meats to allow the air process sep- 
aration to work reasonably well—when 
and if constant attendance at the 
throat is possible. 

The desired air velocity is in the 
region of 2,000 ft./min. However, if 
the stream is given a velocity of 2,000 
ft./min. with no material introduced 
into it, the introduction of material will 
cause the velocity to drop 200 to 300 
ft./min. (10% to 15% drop), and thus 
allow a large quantity of shells to re- 
main in the meats to be hand-picked 
later. (This is expensive.) If the ve- 
locity is set at 2,000 ft./min. with a 
large rate of flow of material fed into 
the air stream, any diminution in the 
rate of feeding the material will allow 
the velocity to increase so that nut 
meats will be carried away and lost. 
(This is even more expensive: several 
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hundred dollars’ worth of meats per 
hour may be lost.) 

It has been determined that 25 to 
50 ft./min. air speed variation (1.25% 





to 2.5%) is about the maximum allow- 
able if consistently effective materia 
separation is to be maintained. This 
represents a difference in dynamic pres- 
sures of approximately 0.01” of water. 

With the uncontrolled throat, line 
voltage variations, as well as changes 
in suction area by shells tumbling in 
the suction pipe and cyclone, prevent 
attaining this close velocity even if 
each throat has a separate adjust- 
able-speed fan. It is not possible to 
use a central large-capacity suction 
manifold, but each throat must have 
its own cyclone and fan, which adds 
to the capital investment. 

The photograph shows a preliminary 
test installation of a “Motron” Servo- 
mechanism for the control of air veloc- 
ity in the separation throat. A drag 
sphere (a ping-pong ball) is fastened 
to the governor counterweight arm and 
extends into the air stream through a 
slit in the glass front of the throat. 
An adjustable counterweight slides 
back and forth on the arm to regulate 
the effective weight which the air drag 
on the sphere must lift in order to act- 
uate the governor, or to adjust the 
regulated air velocity. The servomotor 
drives the damper through the chain 
drive. 

The installation required approxi- 
mately one-half day of experimentation 
after the construction of the platform 
and damper. Several styles and types 
of drag mechanisms were tried before 
the pictured drag sphere was found to 
be satisfactory. 

The only adjustments are the two 
speed-limiting stops on the top of the 
governor case. These stops are re- 
stricted so that the hunting oscillations 
are small enough to keep the drag 
sphere barely moving. This results in 
a maximum damper speed of approxi- 
mately five degrees per second. 

The unskilled help took over the 
operation and adjustment of the “Mo- 
tron” servo after approximately one- 
half hour of instruction. 

Over a period of a week, in which the 
machine was cleaning “pills,” i.e., small 
fragments of nut meats and occasional 
shells, a box of the cleanings showed 
no nut pieces larger than 3/32” in 
diameter. (Material of this size is or- 
dinarily extracted and pressed for the 
nut oil.) In general, the performance 
seems to be excellent. The servo is sen- 
sitive, but its action is stable. 





“War of Instruments” 


NEWARK, N. J.—The total number 
of electrical measuring instruments pro- 
duced at the Newark Meter Works of 
the Westinghouse Electric Corporation 
for use by the U. S. armed forces in 
World War II was 3,239,547 — enough 
to have provided each soldier of General 
George Washington’s Continental army 
with 13 if he could or would have car- 
ried them. 

















PASSAIC, N. J.—Before hundreds 
of members of the New York Zoological 
Society gathered at the Waldorf-As- 
toria in New York City for their Fif- 
tieth Annual Meeting, two electric eels 
wrote their shocking story in electronic 
terms on a large screen for all to see. 
By means of the latest Du Mont oscil- 
lograph provided with a special proj 2c- 
tion lens, the “radar” or exploratory 
impulses as well as the real lethal 
shocks were shown in wave forms. The 
demonstration was under the deriction 
of Dr. C. W. Coates. 

A glass-sided water-filled tank about 
six feet long, with conducting screens 


Oscillograph Depicts 


Electriceel Discharge 


developed by the Allen B. Du Mont 
Laboratories, Inc., of Passaic, N. J. 
This oscillograph obtains the high 
luminosity necessary for projection by 
utilizing a new high-voltage cathode- 
ray tube operated at a total acceler- 
ating voltage of 20,000 volts. The 5” 
diameter cathode-ray tube image is 
projected onto a screen developed for 
this purpose, by means of a special 
6” focus lens rated at f:1.5, an excep- 
tionally large aperture. For this demon- 
stration, the image was projected on a 
3’ X 4’ screen in a shadow box because 
of the brilliant lighting of the audito- 
rium. 





Fig. 1. Dr. A. W. Coates wearing rubber gloves as a safeguard against electric-eel shock. 
The electric eels are contained in this tank which has screen electrodes at both ends to 
Pick up the electric discharges which are graphically shown on a large screen by means of 
a projection-type cathode-ray oscillograph. 


of electrodes at both ends (see Fig 1), 
contained the two live specimens of 
electrophorus electricus (Linnaeus). To 
naturalists, they are really not eels but 
eel-shaped fish, measuring four feet or 
more in length and six inches and up in 
girth. About half the flabby bulk is 
electric-generating tissue. The electric 
eel can generate about 500 volts and 
is fully capable of killing a man under 
certain conditions. Otherwise the elec- 
tric eel has no defense—no teeth, no 
armor. It depends entirely on its shock- 
ing power. It can give off discharges 
at the rate of several hundred per 
second and sustained over a period of 
hours without “running down.” 

The electricity is produced by neuro- 
physiological action. In the process cer- 
tain enzymes are manufactured, which 
are of immense scientific importance. 

In order to depict to his audience the 
nature of the discharges, Dr. Coates 
made good use of a new experimental! 
projection-type oscillograph recently 


Dr. Coates demonstrated the two 
kinds of discharges produced by the 
electric eel. First, there is the explor 
atory impulse: nature’s counterpart of 
radar, in that when such impulse 
strikes an object it bounces back and 
discloses the presence of the object. In 
the murky waters of South Americar 
streams where it lives, electric ells 
use this echo method to find such food 
possibilities as fish or frogs. The see- 
ond kind of shock is the lethal dis 
charge: having detected food or sensed 
an enemy, the eel discharges a shock 





Fig. 2. The Du Mont experimental 
projection-type oscillograph, showing 
the huge lens which projects greatly- 
enlarged oscillograms on a screen 


of several hundred volts, stunning or 
killing anything in the vicinity. Dr. 
Coates demonstrated the intensity of 
the discharges by lighting 33 two-watt 
neon lamps arranged as the numerals 
“50” in keeping with the Fiftieth An- 
niversary theme of the evening. 


Powdered Glass for Better Seals to Metal 


BLOOMFIELD, N. J. — Heretofore, 
Kovar (the metal with the same coeffi- 
cient of thermal expansion as many 
common glasses) has been exposed to 
a flame to provide the right amount of 
surface oxidation which is essential to 
a tight seal in electron tubes and other 
electrical equipment. Then the heat- 
softened glass is pressed over the still 
hot Kovar. The resulting joint is solid 
and unaffected by wide swings in tem- 
perature. 

Now, however, an improved method 
of making Kovar seals has been de- 
veloped by engineers at the Westing- 
house Lamp Division. The Kovar has 
its surface correctly oxidized by first 
heating in an oven whose temperature 
is closely controlled. Then powdered 
glass suspended in a suitable liquid is 
applied to the cooled oxidized Kovar by 


ordinary spraying or dipping methods. 
The piece is again heated to fuse the 
glass. This coats the Kovar with a film 
of glass to which glass can be sealed in 
the ordinary manner, requiring simple 
skills. 

The main advantage of the method 
is that it allows seals to be made under 
controlled conditions eliminating varia- 
tions in oxidation, instead of depending 
upon the skill of the operator. Thus 
it lends itself to mass production. After 
the Kovar is powder-glass-coated, it 
can be reheated to make the glass-to- 
glass seal without affecting the glass- 
to-metal seal, allowing less-skilled op- 
erators to do the job. The method is 
especially suited to the making of large 
and complex seals where it is difficult 
to prevent overoxidation of the Kovar 
by normal methods of sealing. 
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PYRHELIOMETER 


For the Measurement of 
SOLAR RADIATION 


Eppley pemenedaten are in use measuring solar 
ation at fourteen out of eighteen weather 
nations in the United States, nine of these stations 
being under the direction of the United States 
er Bureau. 
To industry they are an invaluable aid in the 
testing of paints, finishes, textiles, etc. for sun- 
fastness. 
Bulletin No, 2 On Request 


THE EPPLEY LABORATORY, INC. 


Scientific Instruments 
Newport, Rhode isiand, U.S.A. 








DEAD-WEIGHT GAUGE 





A portable instrument for accurately measur- 
ing gas pressures, checking static springs and 
other purposes where an accurate Dead 
Weight Guage is required. 

Standard Type is available in several ranges 
for capacities 5 to 1000 P.S.I. High Pressure 
Type available in several ranges for capaci- 
ties 50 to 5000 P.S.I. 


Write for Bulletin 





\THE REFINERY SUPPLY CO. 





Houstoa office temporarily closed. Address all correspondence to Tulsa. 
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SCIENTIFIC GLASS BLOWING 
(Continued from page 85) 


is blown out and the straight side arm with a draw 
point is sealed to the assembly. This tube is used for apply 
ing air pressure in blowing out the glass over the secon 
tube. The glass holder opening is then stoppered and th. 
seal at the opposite side is made by fusing the glass unti 
it collapses on the tube opening. At this point it is de 
sirable to remove a certain amount of glass covering th 
opening by drawing it out, after it is fused, with a smal! 
glass rod. The remaining glass is worked by repeated ex 











SECOND SEAL FIRST SEAL 




















Fig. 49 


panding and collapsing to insure a good seal; and the re- 
mainder is blown out and removed with a forceps. The tube 
on the ring seal is then cut and flared slightly at the point 
indicated by the dotted line, Fig. 48B. The assembly is then 
carefully annealed. 

5. The outer tube is cut at the desired length and each 
end is flared, Fig. 48C. The flares should have a wall thick- 
ness comparable to that of the tube. 

6. If the flares and the side tube from the ring seal are 
carefully made to conform to the inner jacket tube diam- 
eter, the fabricated assembly can be easily inserted into the 
outer jacket tube. The seal nearest the proposed side wall 
ring seal is completed first. The side wall ring seal is then 
made by sealing on the extension hose connection tube pre- 
viously prepared. The entire end is carefully annealed. 
After the glass has cooled sufficiently for handling, the 
ring seal is made at the opposite end. It will be necessary 
to connect a blowing tube to both the side arm and the ring 
seal extension tube to permit blowing on both sides of the 
seal. The second side arm is then sealed to the jacket be- 
fore the ring seal cools. Air pressure is applied through 
the first attached side arm. The end is then annealed, Fig. 
48D. 

SPeciaL Rinc SEALS 

A condenser which is particularly useful in the fabri- 
cation of diffusion pumps is shown in Fig. 49A. The outer 
tube which serves as one wall of the condenser is straight; 
and the inner tube is flared for contact at the ring seal. 
The construction of this type of condenser is not difficult, 
except that the flares of the inner tube must be spun out 
to give even contact along the entire diameter of the out- 
side tube. _ 

1. Two side arms are prepared as illustrated in Fig. 42. 
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One will have to be long enough so that a right-angle bend | 


can easily be made. 

2. The one end of the outside tube is drawn to a point. 
Sufficient tube length must be allowed for the flared inner 
tube and the other end of the tube is cut squarely with an 
abrasive wheel or hot-wire glass cutter. 

8. The successful fabrication of the two ring seals is 
dependent upon the flares which are made on both ends 
of the inner tube. These fiares are made by using a tri- 
angular flaring tool. The tube is supported on a double 
roller and rotated with the palm of the left hand. The end 
of the tube is heated and spun out to almost a right-angled 
flare with a wall thickness comparable to that of the tube. 
The diameter of the flare should be slightly smaller than 
the inside diameter of the outer tube, Fig. 49B. 

4. The flared tube is inserted into the outer tube through 
the open end. This end is then drawn down and opened. A 
tube with the form shown in Fig 49C is butt sealed to the 
open end. The two openings are stoppered and a blowing 
tube is attached to the open point which is held in the left 
hand. If the tubes are large it is advantageous to use 
double rollers. The flared inner tube is moved into position 
by tilting the assembly and the outer tube is heated slowly 
in a cross-fire or large single jet burner. The tube is 
rotated until the glass begins to fuse. The seal is effected 
by using a carbon tool and pushing the fused glass against 
the edge of the flare. The seal is made with a minimum of 
collapsing and expanding the glass so as not to disturb 
the symmetry of the outer tube. The seal is completed by 
fusing the glass sufficiently, blowing out the glass slightly 
and smoothing the surface with a flat carbon tool. 

5. The side arm is sealed to the outer tube at the edge 
of the ring seal while the latter is kept hot by periodically 
heating the assembly. The seals are then annealed and al- 
lowed to cool. 

6. The condenser is then turned end for end and the 
open point end is closed by fusing the glass. The side arms 
of the condenser and the tube handle on the other end are 
connected with rubber tubing and a blowing tube is at- 
tached at the end, Fig. 49C. The ring seal is completed and 
the side arm is butt sealed to the outer tube by the pro- 
cedure used in making the first ring seal. 


THE INVERTED RING SEAL 


The inverted ring seal is useful when glass jets are 
required in the production of glass apparatus. The design 
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MERIA 


B-1169 


MANOMETER 


This U-type manometer 
has bold %” high scale 
numerals with bold gradu- 
ations for quick and easy 
long-range readings. Its 
Ne" (inside diameter) “‘py- 
rex” tubing gives a flat in- 
dicating fluid meniscus. 








The exclusive Meriam Clean- 
Out feature permits filling 
and cleaning U-tube with- 
out disconnecting piping 
to manometer. Semi-steel 
clean-out head is easily re- 
moved from body frame. 


Good for line pressures up 
to 100 Ibs. per sq. in. Wall 
mounting design in three 
ranges: 10”, 20”, and 30”. 
Sturdily built with rigid 
cast aluminum body — de- 
pendable, accurate, easy to 
read at a distance. Ask for 
Catalog Sheet B-1169. 


THE MERIAM 
INSTRUMENT CoO. 


10958 MADISON AVENUE 
CLEVELAND 2, OH1O0 
Western Division: 1418 Wilson Avenue, San Marino 9, Californie 

In Canada: Peacock Bros., Lid., Montreal! 
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Measuring Tensile Strength of 


Mechanical Assembly 





DILLON 


DYNAMOMETERS 


Scientific tension 
measuring indicators 
for use in testing cable, 
plastics, castings, com- 
plete assemblies and 
scores of other items. 
Used with turnbuckles, 
overhead crane, air 
hoist, etc. 


ACCURATE 


Thousands in daily use 
by aircraft plants, U.S. 

avy, industrial con- 
cerns. Render correct 
reading in matter of 
seconds. Not injured by 
overload. 


COMPACT 


Dillon Dynamometer 
measures only 8%4”x 
6%4"x3” and weighs 8 
lbs. 4 oz. Fits into prac- 
tically any mechanical 
setup where tensile 
strength must be meas- 
ured or tension deter- 
mined. Capacities up 
to 20,000 lbs. Low cost— 
immediate delivery. 


WRITE DEPT. NA 
FOR LITERATURE 


W t DILLON g C0 5410 W. HARRISON STREET 
= . INC. CHICAGO, ILLINOIS 











Champion 


@ A compact, light- 
weight time delay re- 
lay. Setscrew timing 
adjustable from a 
fraction of a second 
to several minutes. 
For alternating cur- 
rent or direct current 
operation. Informa- 
tion and literature 
on request. No obli- 
gation. 

















AGASTAT 


Electro-Pneumatic TIME DELAY RELAY 
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ELIZABETH 


NEW JERSEY 


AMERICAN GAS ACCUMULATOR COMPANY 
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Fig. 50A shows the two principal seals required in mak- 
ing the inverted ring seal. 

1, A tube is drawn to a point. This tube is opened on 
the opposite end as illustrated in Fig. 41A. An inner tube 
is made as described in Fig. 41 except that a point is drawn 
on both ends. The inner tube point actually is centered to 
a certain degree by permitting it to extend into the point 
of the outer tube. The seal is completed as previously de- 
scribed, Fig. 50B. 

2. The outer tube is then heated with rotation at a pre- 
determined point and a small shoulder is blown, Fig. 50C. 

8. The shoulder is allowed to cool until the glass be 
comes rigid and is then heated while it is rotated with a 
pin point burner flame at the position indicated by the 
dotted line. The fused glass is blown out into a thin wall 
and the glass is scraped away to leave a rough unfinished 
flare. The flare is carefully heated and spun to an even 
circular end with a triangular flaring tool, Fig. 50D. 

4. The flare is then sealed to the outer tube. In this 
operation, the heat required to make the seal is sufficient 
to cause some deformation of the center tube, which is re- 
stored to its original shape after the seal is completed. A 
side arm may be sealed to the assembly if it is required, 
Fig. 50E. 


IV. TUBE BENDS. 


The fabrication of parts of glass equipment or assemblies 
containing sharp or sweeping tube bends requires a tech- 
nique that is not developed in working with straight tubes. 
Practice in tube bending is recommended especially in the 
production of short right-angled bends. 

Large sweeping bends are made without difficulty by 
using the ribbon burner. A mixture of air and gas pro- 
vides sufficient heat to work Pyrex up to 18 mm. in diam- 
eter. The burner may be adjusted to heat tube lengths to 
18 inches or more depending on the size of the burner. 
The tube is heated over the desired length by rotating it 
in the ribbon burner flame. When the glass is sufficiently 
softened, it is removed from the flame and the bend is 
made. No air pressure need be applied into the tube dur- 
ing the bending operation. Mandrels of different sizes are 
often convenient for making standard sized bends. 

The production of short right-angled bénds is more dif- 
fieult than making large sweeping bends. Several character- 
istics of partly fused glass must be borne in mind when 
short bends are made. If a bend is made by holding the 
glass tube at an angle with the vertical, a slight twist will 
be obtained because of the flow of glass with gravity, Fig. 
51A. The fused glass will tend to collapse when a bend is 
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Fig. 51 








| made and, if air pressure is not applied at the right time, 
a tube with the form shown in Fig. 51C will be obtained. 
If an unsufficient length is heated, the bend will be too 
sharp and a kink will be formed, Fig. 51D. These imper- 
fections in a bend will render it almost useless because 
of the danger of breaking under a small stress. The pro- 
cedure in making a strong and neat sharp bend is out- 
| lined in the following steps: 
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1. The end of the tube which is held in the left hand 


is closed with a stopper. The tube is rotated in the burner 
flame until a section about two diameters in length is 


fused and slightly constricted because of the flow of glass. | 
2. The tube is removed from the flame and held in a | 


vertical position with the section held in the right hand 


above the fused section. The other end of the tube is then | 


moved slowly toward the horizontal with the left hand 


while air pressure is applied to the open end of the tube. | 


The air pressure is released after the bend is completed 
and before the sides of the tube begin to bulge. 

8. If the sharp bend is examined at this point, one will 
notice that a certain portion of the inner part of the bend 
has a heavy wall. The flame is directed over the entire 


inner part of the bend and the glass is worked to a uni- | 


form wall thickness by repeated expanding and collapsing. | 


A second bend which is frequently used is the right- 
angled bend with a radius of curvature of twice the diam- 
eter of the tube. 

1, The tube end held in the left hand is closed with a 
stopper. The tube is then uniformly heated over a length 
of about three diameters. 

2. When the glass becomes pliable but not fused to the 
extent that the tube is constricted, the bend is made by 
holding the tube vertical and bending the glass below the 
fused section to the horizontal. Air pressure is applied to 
keep the glass from collapsing or kinking. If the bend is 
made correctly no additional work is necessary except an- 
nealing the glass. 


V. SPIRALS. 


The fabrication of spirals from glass tubing requires 
less skill than one would suppose. In small tubing, the ratio 
of wall thickness to diameter is greater than that of large 
tubing; and consequently it is only with tubing of larger 
diameters that more care must be taken in making spirals. 
Longer sections must be softened by large bushy flame 
and the tube must be carefully bent into form or wrapped 
around the mandrel, so that the tubing is not appreciably 
flattened. 


A 40” length of tubing with 1-mm. wall thickness and | 


8-mm. bore (5-mm. outside diameter) is best used for the 





first exercise in making spiral. One end of the tube is | 


closed with a stopper. 


1. This tube is bent sharply at a right angle about 6” | 


from the open end; position 2, Fig. 52A. This length is 
to serve as an end of the spiral. 

2. The tube is then heated at position 4, Fig. 52A, and 
bent toward the operator in another right-angled bend, the 
distance 2 to 4 being the radius of the spiral. 


3. The tube length 4 to 3, Fig. 52B, is required for the | 


fabrication of the spiral. From the proposed coil diameter, 
the length of glass required for the completion of the 
spiral can be calculated. The section 1 to 2 is held in the 
left hand at an angle and heated in the burner flame, 
while the long section 4 to 3 is supported with the right 


hand. A portion of the tube is heated near 4, Fig. 52C, | 
by both rotation and a movement along the axis of the | 


tube. The major portion of the heating should always be 
on the outer side of the tube. 
4. As the glass becomes plastic, section 1 to 2 is held 


horizontal and section 4 to 3 is bent slowly to form the | 


section of the circular bend for the first spiral, Fig. 52B. 

5. The tube is then heated beyond the bent portion 
until the glass is softened. This section of the tube is 
formed into an arc of the circle previously started. This 
step is repeated until the first turn is completed. All bend- 
ing is dene outside the flame and observation from different 
angles will assist in the alignment of the tubing. 


6. After the first complete circle is made truly axial | 


to the tube section 1 to 2, further turns are made much 
more easily because the softened section is always bent 
into coincidence with the outline of the turn below it, 
Fig. 52D. The spacing between successive turns should 











GET THE RIGHT FLUX 


.... from Kester! 


e@ A good solder job starts with the flux—and Kester 
has the right flux for you. 


e@ Hundreds of flux formulas have been developed 
during Kester’s 47 years of business, and each one has 
been time-tested, both in laboratory and plant. So 
that today, not only is the performance of each defi- 
nitely known, but also the circumstances under which 
one or another should best be used. 


e@ This research has solved the flux problem, by mak- 
ing available a right flux for every need, which can be 
obtained from Kester. Just write—Kester engineers 
consult with you, without obligation. 


KESTER SOLDER COMPANY 
4216 Wrightwood Avenue, Chicago 39, III. 


ae ae Eastern Plant: Newark, N. J. 
wee CTER Canadian Plant: Brantford, Ont. 
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BULLETIN 130 RELAYS 


The Bulletin 130 relays offer the 
user the choice of. one to four 
poles, 6 to 230 volts D.C. and 
6 to 440 volts A.C. in single or 
double throw, normally open or 
closed, with or without blowout 
coils and a host of other op- 
tions. With such flexibility of 
arrangement, custom require- 
ments can be met without pro- 
hibitive cost or undue delay in 
delivery. 





Send for Bulletin No. 130 giv- 
ing full particulars of this line 
of Relays. In it you will find 
relays that exactly meet your 
requirements. 


RELAYS - RESISTORS - RHECSTATS 





Electric contre! = devices since 1892 


WARD LEONARD ELECTRIC COMPANY ¢ 38 SOUTH STREET 
OFFICES IN PRINCIPAL CITIES MOUNT VERNON, N. Y. 





Slectroute 


MOISTURE 
REGISTER 


win [IEW K-2 ELECTRODE 


Tests flat, irregular and curved surfaced 
materials in 3 seconds or less 


Here is the all-purpose moisture testing instrument you have 
been waiting for. 

Each button of the electrode is individuvally spring-cushioned 
to allow maintenance of contact regardless of contour — no 
points to break off or injure surface. It is completely portabie, 
and can be operated by anyone. 

The same exacting scientific research and precise engineering 
development that have made L-2 (iumber) and V-2 (veneer) 
models of Moisture Register the standard in their fields make 
the new model K-2 an accurate, dependable addition to this 
famous line. Write today for complete information, specify- 
ing type of material and per cent range 
of moisture content you wish to test.— 
Moisture Register Co., Dept. fF, 133 North 
Garfield Avenue, Alhambra, California. 








Direct yseading 
dial shows mois- 
ture content of: 
Paper in Stacks 
or Rolls 
Cloth in Bolts 
Lumber 
Plaster 


+ + « Gnd many 
other materials 
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be constant as shown in the side view of Fig. 52D. Spiral 

are often required as the inner tubes of condensers and 
therefore the ends must be aligned as section 1 to 2 of 
Fig. 52D. The tube ends are flared sufficiently so that goo: 
ring seals can be made. 

More precision is possible in the fabrication of spirals 
by using a mandrel for forming the glass. Various sizes 
of mandrels can be made of metal pipes which are suit- 
ably mounted, but a great deal of success has been o! 
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Fig. 52 


tained in using glass tubing. The glass-tube mandrel is 
simply a glass tube wrapped spirally with asbestos tape. 

1. The tube is heated at a section about 6” from one 
end and bent in a right angle. This tube is tied to the 
wrapped mandrel, Fig. 52E, The glass is then heated in 
short sections of about 1” in length and the tube is wrapped 
around the asbestos-covered glass mandrel. The tape serves 
as a guide for the spacing of the spiral turns. 

2. The spiral and mandrel are allowed to cool and the 
former is removed by wetting the tape with water. 

The flat spiral, Fig. 52F, is sometimes required in the 
fabrication of glass equipment. 

1. A required tube length is heated at a section 6” from 
one end. The glass tube is bent in a short right angle. 

2. The glass is then heated at the right angle and the 
inner turn of the spiral is started by bending the tube in 
a circle around the short section that is used as a handle. 

8. The spiral is continued by repeatedly heating short 
sections of the tube and bending it around the inner spirals. 

4. After the flat spiral is completed, the tube is cut away 
at the center of the spiral with the burner flame. 












VI. CLOSED GLASS TUBING CIRCUITS. 


Close observation of fabricated glass apparatus will show 
that unnecessary seals in conspicuous places detract from 
the appearance of the finished equipment. There was a time 
when it was necessary to make extra seals in glass equip- 
ment because of the high coefficient of expansion of soft 
glasses. No amount of speed could overcome fractures 
in attempting to complete two or more seals in one opera- 
tion. Now, owing chiefly to the rugged shock-resistant qual- 
ities of Pyrex glass, it is possible and often convenient to 
assemble any number of parts. 

One important thing must be remembered in making closed 
glass tube circuits: when two or more seals are made at 
the same time, each must actually be partly completed. In- 
stead of fusing the glass so that it will just stick together 
) when one glass tube is pressed against the other, the open- 
ing in the glass is heated until it is fused to yield a butt 
seal which requires only work in making the seal smooth. 
This seal may be left as one performs the same operation 
at another point in the circuit. When the circuit is com- 
pleted, each seal can be worked until smooth without the 
danger of fractures at the seal. 

An illustration of closed circuit seals is given in Fig. 53A. 
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Seals of this nature are necessary for the fabrication of D df b [ | 
McLeod gages, manostats, flowmeters, etc. epen qa J 3 y= 
1. The straight tube, Fig. 53B, is opened at points 1 and 
2 by fusing the glass and blowing it out in the steps out- Th i, d : 
lined for preparing an opening in the wall of a tube. e waic wo r 0 


2. The second tube is bent at right angles at each end. 
MOELLER Accuracy for 





The glass at each end is then cut with the burner flame and 

3. The end of tube 3 and the opening at 2 are heated e 
until the glass begins to fuse sufficiently to give a leak- more than four generations 
proof seal when the two are pressed together. 

4, The seal at position 1 is then started. The main diffi- 
glass around the entire circumference of the openings. This Etched Stem Thermometers. at 
is necessary or small pin-holes will be formed because of Each instrument is designed to fit individual test- 
uneven heating. After the fused glass is pushed together, | ing problems — and built to give you complete 

5 the seal is completed by the procedure recommended for a | satisfaction. 

5. The first seal is warmed slowly and is completed by vt : ‘entific th h- 
the technique of making side seals. The glass is carefully ies — methods — aie sae ‘can 
annealed after the seal is smooth. ness that assures perfection in a oeller 

: Regardless of the shape of the parts to be joined, the | products, 
Why not solve your temperature indicating, 


each end is slightly flared, Fig. 58B, tube 3. 

culty which will be encountered at this point is to fuse the There le ne guess’ work when you use Moeller 
side tube seal. The glass is then annealed. Each instrument is guaranteed through factory 
only critical factors are the positive matching of tube open- 


ings and production of partial seals which are flowed to- | recording and testing problems with Moeller 
gether by pushing together the two fused ends. Instruments, Now? 
ToRCH SEALING | Send for catalogs and literature on 


All glass equipment which is mounted on racks must | |NDUSTRIAL, LABORATORY AND RECORDING THERMOMETERS 
frequently be built in several sections or parts, each of | THERMOSTATS * HYGROMETERS * HYDROMETERS * PSYCHROMETERS 
which must be sealed in place on the rack. Hand torches | and MARINE SPECIALTIES 
instead of the bench burner must be used. The glass is heated | 
by moving the hand torch flame around the glass tube ends. | 
It is just as important to develop the skill in torching tech- M 0 E L L E R | N $ T PR U M EN T a 6) M PA N Y 
nique where the glass is uniformly heated around the glass | Mites 
tube as is the rotation of glass in the burner flame in hand | BRBRDRERSCU4eCUT ee ae) RICHMOND Hitt 
work. The flame is kept perpendicular to the glass tubes and | 89th AVENUE eae. NEW YORK 
is moved completely around the circumference. Overlapping } 
or underlapping in the heating is not permissible. Over- 


OFFICES IN PRINCIPAL CITIES 
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Alnor PYROCON 


... the contact pyrometer for quick accurate 
surface temperatures .. . 


This convenient, all-purpose surface temperature pyrom- 
eter is ideally suited to a variety of industrial plant needs. 
Accurate temperature readings are obtained in a few 
seconds of plastic materials, liquids, oils, and similar 
materials, and of flat or curved, stationary or moving 
surfaces. 

The Pyrocon shock isting mo t is used with 
any one of eleven types of thermocouples, interchange- 
able without adjustment or re-calibration. Choice of 
rigid or flexible arms, or both, instantly interchangeable. 
Built in several standard ranges, 0-300 deg. F. to 0-1200 
deg. F. Write for Bulletin 3511 giving complete description. 


ILLINOIS TESTING LABORATORIES INC. 


142 WEST HUBBARD STREET 
C1ICAGO 10, ILLINOIS 





ACCURATE INSTRUMENTS 
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The Stoelting table model elec- 
: tric stop clock is an accurate 

ee ee Se timer for a wide variety of indus- 

trial and laboratory tests...such 
as measuring start-to-stop intervals of relays and instruments, 
and for checking sequence operations. 

Timer with a-c clutch has toggle switch for manually start- 
ing the pointer. Timer with d-c clutch has binding posts only 
for attaching d-c control circuit for starting and stopping the 
pointer. Both timers have a-c clock motors, and pointers are 
reset with knob. 

The Stoelting electric timer and impulse counter is an accu- 
rate, dual-purpose instrument for counting individual electric 
impulses or for use as a chronoscope. 

When used as timer, 11-16 v 
current is taken from step-down 
transformer. When used as coun- 
ter, direct current only is used. 
Counter capacity—7,200 impulses. 
FREE ILLUSTRATED BULLETIN 

Send for Stoelting 
Timer Bulletin No. 
1100. Includes illus- 
trations, wiring dia- 
grams, technical 
data, and complete 
information on stop Electric 
clocks,chronoscopes, timer and 
impulse counters, impulse 
stop watch control- counter 
lers, and X-ray timers. 


c. 4. STOELTING co. 


INDUSTRIAL DIVISION 
424-G NORTH HOMAN AVE. * CHICAGO 24, ILLINOIS 
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lapping creates a hot spot in the glass which is more easi 
blown when pressure is applied, and underlapping will lea 
a partially fused section which cannot be worked satis- 
factorily. 

A good deal of planning is necessary when an intricat: 
glass assembly is to be mounted on a rack. One important 
thing to remember is that seals are more easily made whe 
the glass tubes are in a vertical, rather than a horizonta) 
position; and seals so made are superior, both in appearance 


Weegee 


Fig. 54 


and durability. All bends should be smooth and the tubes 
should be positioned for an adequate number of clamps. All 
glass parts should be so placed that a torch can conveniently 
be used if repairs are necessary. An example of a neatly 
arranged assembly is shown in Fig. 54. 

The procedure in making a vertical tube seal is illus- 
trated in Fig. 55. The operation has been simplified for 
convenience of description. In actual practice the two tubes 
could be ends of two separate glass assemblies. 

1. The ends should be perfectly square. The upper tube 
is clamped rigidly on the rack and has a blowing tube at- 
tached at some convenient point. The bottom tube is closed 
with a stopper and is held or loosely clamped directly under 
the upper tube. A gap of about 1/16” is left between the 
tubes, Fig. 55A. 

2. The two ends are heated by moving the hand torch 
flame around the tubes until the glass is fused but not ap- 
preciably deformed. The bottom tube is then lifted until a 
complete contact is obtained around the circumference of 
both tube ends. The glass is allowed to cool slightly. The 
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glass just above the temporary seal is heated by moving 
the torch flame around the tube. As the glass begins to fuse 
the lower tube is pushed upwards until sufficient glass is 
gathered to give a thickened circular band around the tube, 
Fig. 55B. 

8. The glass is allowed to cool until it supports the weight 
of the lower section. The glass tube assembly is then heated 
uniformly just below the seal and drawn to a thin wall, 
Fig. 55C. 

4, The seal is then completed by heating the thickened 
and thin sections at the same time. As the glass is fused 
and worked, the glass in the thickened portion will gradually 
flow with gravity and when the seal is completed it has the 
form as illustrated in Fig. 55D. The tubing is slightly 
reinforced at the seal. 

The Litton hand torches described and illustrated in Chap- 
ter I are recommended for sealing tube assemblies. The 
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larger torches are useful in sealing tubing with large di- 
ameters. 

Vertical capillary seals should be made by using a small 
Hoke Jewel torch by the procedure as described for ordinary 
tube seals. The inside bore should be perfectly aligned 
when first contacted. The seal should be completed with a 
minimum of enlargement of the bore by blowing. 

Horizontal seals on fixed tubes cannot be made by fusing 
the glass around the circumference of the attached tubes 
because the glass will flow with gravity. The only pro- 
cedure which is recommended is the spot fusing technique. 
The glass is fused and the tubes are pushed together. The 
rough seal is allowed to cool until the glass becomes rigid. 
The seal is then completed by successively fusing short seg- 
ments of the circumference and working each until the glass 
is smooth. Each completed portion is allowed to cool before 
the next is fused. 

No matter how careful one may be, there are times when 
small pin-holes appear on a torch seal. The only satisfac- 
tory way the hole can be closed when the tubing is clamped 
in position, is to spot a small amount of fused glass over 
the opening. A small, thin glass rod is used. The glass at 
the end of the rod and that at the seal are fused sufficiently 
so that the glass will stick when touched to the tube. The 
rod is then cut by the burner flame as close to the seal as 
possible. The seal is then worked until the glass is smooth. 


If instead of a pin-hole a small gap develops at the seal 
which cannot be closed by spotting with a glass rod, a thin 
glass ribbon can be spotted over the opening. The ribbon 
is made by flattening a fused glass rod with a forceps and 
then fusing the flat glass and pulling it to a glass ribbon. 

When seals are made on a vacuum system or on a complex 
gas reactor system, it is always advisable to use a drying 
tube with the blowing tube, Fig. 56. Any suitable desiccant 
which will eliminate moisture is satisfactory. 

Cutting out or removing sections from an al]l-glass system 
is a delicate operation. If the tubes are small and flexible 
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You, who are confronted with the problem 
of reducing the size or weight, or of increas- 
ing the action of a set size of thermal element 
in the designing of your control, here is 


your answer: 


Chace Thermostatic Bimetal 
Tyve No. 6650 


By using Chace Thermostatic Bimetal No. 
6650 you may design a thermal element at 
least 40% smaller than is possible with the 
use of any other bimetal for producing like 
action; or by using the same size element 
you will get an increased action of at least 
40% as compared with elements made of 


any other bimetal. 


Chace Thermostatic Bimetal No. 6650 
offers an exceptionally high spring rate per 
°F. and a high degree of electrical resistivity. 
Bulletin B-145 gives complete information; 


sent free on request. 


"wm @HACE co 


a 


Thermostatic Bimetals and Special Alloys 
1609 BEARD AVE + DETROIT 9, MICH. 
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RETIMETIC SEALED TRANSFORMERS 


@ type for every requirement 











250 VARICK STREET 





For Accurate Measurement 
of Differential Pressures 





Kollsman Differential Pressure Gages offer instruments of suffi- 
cient accuracy to be used as convenient substitutes for water 
manometers on many laboratory testing operations, as well as 
for close measurement of differential pressures on production 
process controls. Accuracy is held to within one per cent. 

A number of standard types, covering pressure differences of 
up to 300 inches of water, are available with one special unit of 
range —200 to +200 inches. 

The gages have an AN Standard Aircraft size dial of 3” diam- 
eter. They are lightweight, convenient to handle and easily 
connected. For descriptive catalog section, write Advertising 


Department, Kollsman Instrument Division, Square D Company, | 


80-02 45th Ave., Elmhurst, N. Y. 


:KOLLSMAN AIRCRAFT INSTRUMENTS 


PRODUCT OF 








F mene 


}jm || SQUARE F) COMPANY 
1 Ss ee 
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| wetting the mark and breaking the tube by the procedur. 
| outlined in the first chapter. However, on tube sizes abov. 
18 mm. it is necessary to make a file mark about a quarter. 
inch long. The end of a glass rod is heated until the glass 
begins to flow and is immediately touched to the center o/ 
the mark after the latter is wetted with water. Usually. 
the expansion of the tube caused by the heat from the hot 


| the glass can be cut by first marking the glass with a file. 























Fig. 56 


rod will cause a crack that will encircle the entire tube. 
If the crack does not completely encircle the tube, it may 
| be led in the proper direction by touching the point of ; 
hot glass rod about %” beyond the end of the crack. If 
the crack breaks away and begins to run lengthwise i: 
the glass of the tube, it must be stopped before anothe: 
attempt is made to break the tube. The extension of thx 
crack is stopped by slowly warming the tube beyond thx 
end of the crack. As the temperature of the tube increases, 
the flame is brought closer to the cracked area. The glass 
will fuse together if it is not heated too rapidly. 


ELECTRONIC WELDING OF GLASS 


Hand torches or blast burners when used in sealing heavy 
Pyrex tubing or pipe have one principal disadvantage. Th: 
glass is heated through the surface and, to fuse the tube 
end sufficiently for sealing, portions of the surface are often 
overheated. Volatile constituents of the glass are lost b« 
cause of the high temperatures in the glass surface. 

Electronic heating is becoming important for interna! 
heating. This form of heating has been performed with 
high-frequency current through dielectric loss between ca- 
pacitor plates or by the use of special gas-flame conducting 
electrodes. The latter method of internal heating is described 
by E. M. Guyer.! 

Gas-electrode sealing is comparable to resistance welding. 
The gas-flames at the tips of the electrodes have two prin- 
cipal functions: 

1. The glass is preheated to a temperature where it 
ceases to be an insulator and becomes a conducting medium. 

2. The flames provide a conductive path for the heating 
current. 

The technique of using these electrodes is similar to the 
torching technique previously described. The flames ar« 
directed against the glass and the temperature is regulated 
within the glass by increasing or decreasing the distanc« 
between the glass and the tip of the electrode. 

Since radio high-frequency generators are expensive, 
investment in such equipment would be warranted only 
when considerable work is done on equipment requiring 
internal heating. To be continued 





1E. M. Guyer, Hlectronics, Vol. 18, No. 6, 1945, page 92. 





Elementary Engineering Electronics 
With Special Reference to Measurement and Control 





ORDER THIS UNIQUE BOOK NOW 


By ANDREW W. KRAMER 
Check, money order or cash must accompany 
order. 


Managing Editor Power 
Plant Engineering, Member 


American Institute of Elec- Hinstruments Publishing C 
trical Engineers, Associate §/1125 Wolfendale St., Pittsburgh 12, Penna. 
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Kramer’s ELEMENTARY ENG 
Engineers. ELECTRONICS (at $2 each). 


Cloth, 344 pages, 259 il- |Name Pah ia non Ge Ouigensdabege ee os snes. 
lustrations. $2 postpaid. § Address.... 2.2.20 66. cece cece cee neeeeees 
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EVERY DAY we are shipping these precision pres- 
sure gauges to be used in place of dead weight 
testers. They are accurate, dependable and easy 
to read, Delivery—2 to 6 weeks. 

RANGE FROM 0-25 Ibs. to 0-10,000 Ibs. 


ce ae 126.50 
A SEO 144.00 











COSTLY HUMAN ERRORS 
ELIMINATED WHEN YOU 
MEASURE VALUABLE STORED 
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You can judge what you will get in a 
product only if you know the intentions of its 
manufacturer. If a manufacturer is determined 
to make money first and foremost, you will get a 
product that /ooks better than it és because its 
maker must skimp somewhere to get his higher 
margin. 

If, on the other hand, a manufacturer thinks in 
terms of pride in his product, in the satisfaction 
that rewards him when he produces quality, then 
you will get a product that is as sound as it is 
handsome. 


When a quality-minded manufacturer discovers 
he can’t compete in a certain field because the cost 
of quality stands in the way, he will get out of 
that field. 


But—and this is the important thing—when 
such a manufacturer challenges competition, his 
products are bound to be superior products! 

We, at Simpson, are proud that the quality of 
Simpson products has never been called in ques- 
tion, that more often than not they are held up 
as an example of what instruments should be. It 
is not easy to have only one standard of quality 
for your products—top quality—and stick to it. 
But we'll “take it the hard way” as long as we can 
feel the pride that is ours in being known for 
quality leadership. That, for whatever it may 
mean to you, is the Simpson spirit. 


SIMPSON ELECTRIC COMPANY 
5200-5218 Kinzie St., Chicago 44, IIL 
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The Month’s NEW INSTRUMENTS 





In this department we report each month new devices for measurement, in- 
spection, testing, metering and automatic control—in the form of concise tech- 
nical descriptions. When writing to manufacturers directly, please mention this 
department. Or write to Information Section, Instruments Publishing Company. 





Buried Cable and Pipe Locator 
and Tester 

New “Stewart Cable Tester & Lo- 

cator Combined” combines means for 


the precise location and depth of 
buried pipe and cable, with “Stewart 





Cable Tester” which provides means 
for location of shorts, crosses, grounds, 
and wet spots. In simple operation it 
tells where cable or pipe is buried, and 
how deep, It also has a lamp circuit for 
checking all connections: after test has 
been set up. It is especially valuable 
for checking depth of cable at river 
crossings, can also be used to rechart 
a town or district where records have 
been lost. Instrument is portable, rug- 
gedly built and encased for rough use 
and weather. Size: 12%” X 7%” X 11” 
high. Weight: approx. 22 lbs., includ- 
ing head phones and neutral exploring 
coil, and fish scale exploring coil.— 
W. C. Dillon & Co., Ine., 5410 W. Har- 
rison St., Chicago 44, Illinois. 





Pulsing Control Drive 


New “Yardeny Pulsing Drive” pro- 
vides single-knob control of any type 
of reversible motor. Direction and ex- 
tent of motor motion are under com- 
plete control of single knob. Motor may 
be continuously rotated or moved in 
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small increments. Control action is as 
follows: Slow clockwise rotation of 
control knob results in a corresponding 
motor motion in small increments. 
Slow counter-clockwise rotation of con- 
trol knob causes reverse motor rotation 
in small increments. Either of these 
operations permits controlled mechan- 
ism to be spotted “with the highest de- 
gree of accuracy,” it is said. Rapid rota- 
tion of control knob causes faster motor 
motion and more extended travel. Thus, 
features of fine and coarse control are 
incorporated in this single-knob con- 
trol. By depressing knob and turning 
it slightly right or left, continuous for- 
ward or reverse rotation of the motor 
can be accomplished. “Yardeny Puls- 
ing Drive” works on all standard cur- 
rents and frequencies. It is said that 
extent of fine and coarse control pro- 
vided by unit can be made to suit every 
purpose in a manner that permits 
quick approach and precise positioning 
of the controlled object. New drives 
are suitable for inclusion in all exist- 
ing controlled motor devices and offer 
advantages for new design projects. 
Recommended applications include pre- 
cision control of valves, flaps, radio 
tuning elements, cranes, lifts, rollers, 
presses, machine tools, mixers, etc., re- 
quiring more precise and more flexible 
control than is afforded by push-but- 
ton methods of control. — Yardeny 
Engineering Co., 105 Chambers St., 
New York 7, N. Y. 





Stabilized Low-voltage Rectifiers 


New stabilized rectifiers with low- 
voltage high-current output are said to 
represent an advance. (High-voltage 
low-current rectifiers with electronic 
stabilization have been known for many 
years.) A typical unit is rated at 200 
amperes, voltage range zero to 3 volts. 
Any voltage selected in range is main- 
tained to within 50 millivolts over load 
variation from zero to 200 amperes, and 
with line voltage variation of +10%. 
Voltage stabilization system includes 
motor-driven ‘Powerstat” and simple 
electronic pilot device. Principle is 
widely applicable to larger or smaller 
rectifier units. — Green Electric Co., 
130 Cedar St., New York City. 





Hand Pyrometer for Non-ferrous 
Molten Metal 


New “Xactemp Pyrometer,” for 
measuring temperature of molten non- 
ferrous metals, is of cast aluminum and 
brass construction, with 43” stainless 
steel extension and a standard 7” Mar- 
shall tip which permits true readings 
to be taken below the surface of the 
metal. Indicator is of medium resist- 
ance, not affected by thermocouple 
length, and yet travels across the scale 





rapidly enough to follow the most sen- 
sitive thermocouple. It is provided with 
an Alnico V magnet and has a 3%” 
scale reading from 50 to 2500°F. This 
instrument is always ready for use as 
it needs no preliminary adjustments. It 
is claimed that its accuracy makes 
possible quality control and elimination 
of blowholes, burnouts, sand infiltra- 
tion and other flaws due to incorrect 
temperature.—Claud S. Gordon Co., 
8000 S. Wallace St., Chicago, Illinois. 





Static Balancer 


New precision-built static balancer 
has a number of distinctive features 
that make it a useful addition to shops 
where rotating parts must be put in 
static balance. The 9” model illustrated 
has a finger-tip span adjustment up to 
9%”. New balancer is said to be com- 
pact, strong and rigid, of utmost sim- 
plicity, yet accurate to the finest de 
gree. Because there are no movable 
parts, there is nothing to get out of 
order. Balancing surfaces are deep 
hardened and ground for accuracy. 
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Particular attention is called to the 
spirit levels which indicate horizontal 

ition of the rails. Frames are o 
cast aluminum, highly polished. Sup- 
porting capacity of illustrated model is 
100 Ibs.; shipping weight is 2 lbs. It 
is claimed to be ideal for balancing 
motor armatures and small rotating 
parts. Two larger models are avail- | 
able: 24” and 36” sizes.—Samuel S. | 
Gelber, 34 S. Jefferson St., Chicago 6, 
Illinois. 








Tilting-type Stirring Autoclave | 

New laboratory stirrer-type super- | 
pressure assembly has a capacity of | 
845, 1410, 2960, or 1780 ml., for opera- | 
tion at pressures up to 10,000 Ibs./in.? | 








| 
| 
| 
| 
| 


and at temperatures up to 750°F. Other | 
sizes are available. Means are provided | 
for tilting the reaction vessel (auto- 
clave) and its heating jacket into a 
position whereby its contents may be 
poured or scraped out, and its interior 
more easily cleaned. Apparatus is 
equipped with a thermowell, a stirring- 
type agitator, a pressure-lubricated 
stuffing box, an electric heating jacket 
controlled by a three-heat switch, a 
safety blowout assembly, an 8” hydrau- 
lic pressure gage, and necessary valves 
and fittings. Agitator, whose shaft en- 
ters through bottom of autoclave, is 
driven by a variable-speed motor. Both 
motor and heater are for operation on 
115 and 230 volts, 60 cycles, single 
phase.—American Instrument Co., Sil- 
ver Spring, Md. 








Controlled-atmosphere 
Laboratory Furnace | 


New “Lab-Type” heat-treating at- 
mosphere electric furnace fills need for 
standard laboratory equipment for ap- 
praising effects of various atmospheres 
on metals at elevated temperatures. In- 


side diameter of retort is 444”; work- | 


ing space 6” deep. Temperatures up to 
1825° F. inside retort are measured by 
a thermocouple. Another thermocouple 
measures temperature inside furnace 
chamber. By substituting retort for a 
high-temperature alloy pot, furnace can 
be quickly converted for salt bath or | 











BUILT TO FIT APPLICATION REQUIREMENTS EXACTLY ! 








a 


Keal Economy tu 
ESPECIALLY ENGINEERED SWITCHES 


Shallcross low-resistance contact selector switches assure a maxi- 
mum of economy and efficiency. 


+ + + because use of Shallcross especially engineered switches 
enables you to avoid the necessity of engineering “around” 
switches that are only almost right.” 


+ + + because dozens of Shallcross standard switch types can 
be adapted readily to special needs. 


« « © because broad experience enables Shallcross to produce 
new and unusual types quickly and at moderate cost. 


Let Shallcross engineers make their recommendation for your 
switch application. Switch Bulletins C-1 and C-2 on request. 


MANUFACTURING CO. 
DEPT. 1S-26, 
COLLINGDALE, PA. 


ELECTRICAL MEASURING APPARATUS>AKRA-OHM RESISTORS 


— PRECISION SWITCHES—ELECTRONIC ENGINEERING 
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used 


where PRECISION COUNTS 


” “Tru-Tolerance” PRECISION RESISTORS 


the world over 






















(@® ACETATE LABEL 


Tougher, cleener, more durable 
covering. Protects winding trom 
mechonical bendling Prevents 
tugs from piercing lebel. Af- 
fords fungus protection te 
winding. 











RF TRANSFORMERS 
PRECISION WOUND 
TO YOUR SPECS 


IF TRANSFORMERS 


Broadcast |. F. Trans- 
formers to manufac- 
turer's or standard RMA 
specifications, wound 
to rigidly held toler- 
ances on kraft, bake- 
lite, or ceramic. All 
mutuals set to speci- 
fied curve. AM/FM IF 








Cross-over wires are insulated 
from rest of winding with acetate 
cloth. Aa exclusive Mepco fea- 
ture (patent pending). 












MEPCO has been in 
business only two years— but Mepco 
Products, in that short time, have 
become musts on the specs. of liter- 
ally hundreds of manufacturers of 
electronic devices. Mepco “Tru- 
Tolerance” Precision Resistors, at 
the close of World War Il, were 
specified for one third of all unfilled 
precision resistor orders—and there 
were 18 manufacturers competing! 
Mepco personnel have grown up 
with both the technical and opera- 
ting ends of the electronics indus- 
tries. They have the know-how to 
design and supply electronic assem- 
blies and components of guvaran- 
teed performance. Let us know your 


| ing devices, and other accessories fur- 
| nished as desired.—Boder Scientific Co.., 








requirements. 





transformers preset at 
any frequency 
with gain as 
required. 





TRIMMERS 


Highest grade ceramics; 
all capacities. 


MADISON ELECTRIC PR 
MADISON 


. he 
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METER MULTIPLIERS 


“Tru-Tolerance” Precision units, 
mounted on fusible core. Any 
unit can be replaced at any time. 


D- ELE cre 


ODUCTS CORPORATION 
NEW JERSEY 











lead bath immersion, tempering, hard- 
ening, and annealing, cyaniding and 
aluminum heat-treating. By removing 
alloy pot, empty-furnace chamber can 
be heated up to 2000° F. and used for 
straight heat treating, etc. Supplied 
for 115- or 230-volt 60-cycle a.c., com- 
plete with built-in transformer, relay, 
and thermocouple for heating chamber. 
Manual or automatic controls, record- 


907 Penn Ave., Pittsburgh 15, Pa. 





Pressure-controlled Switch 
New pressure-controlled “Mu- 








Switch” provides a compact (1” x 
215% 6” X 35%” over-all height) and vi- 


| bration-resisting means for regulating 





or indicating fluid pressures, or for 
controlling electric circuits whose op- 
eration is to coérdinated with 
changes in the pressure of a liquid 
or gas. Electric control element is a 
standard s-p. d-t. “Mu-Switch.” For 























industrial applications, switch is fur- | 


nished with a “Type M Mu-Switch” 
rated at 15 amperes 125 volts a.c. to 
2 amperes 600 volts ac. or %-hp. at 
voltages up to 460 a.c. For aircraft 
and other low-voltage d.c. applications, 
pressure switch is furnished with a 


standard “Type A Mu-Switch” hav- | 


ing a maximum current rating of 25 
amperes at 28 volts d.c. Hub for elec- 
trical conduit connection has an inter- 
nal %” pipe thread. Pressure-sensi- 
tive portion of the switch assembly 
consists of a metal bellows soldered 
into a brass tube securely attached to 
housing. Upper end of pressure cham- 
ber has a standard %” pipe thread 
for attachment to pressure line. This 
unit can be furnished for operation 
with a differential of 5 to 15 Ibs./in? 
at nominal ratings of 10 lbs. to 120 
lbs./in.?. Pressure chamber is made of 
a corrosion and heat-resisting mate- 
rial, and unit can be safely operated 
at temperatures up to 300°F. — Mu- 
Switch Corporation, Inc., 380 Pequit 
Street, Canton, Mass. 





Device for Perspective Drawing 


New “Stereograph” perspective 
drawing machine enabies draftsman to 
produce a stereoscopic pair, showing 
length, width and depth or, if desired, 





a single perspective drawing; thereby 
reduces time and cost in making per- 
spectives. In addition, they can be made 
to scale. With this instrument it is not 
necessary to use ordinary equipment of 
the drawing board to find vanishing 
points. Device is said to be valuable 
for solving problems in geometry and 
equally ideal in descriptive geometry. 
It can produce third-dimensional effects, 
also to show internal construction of 
highly complex mechanisms. Instru- 
ment is constructed of duralumin, with 
high-carbon steel for guides and ro- 
tating members. It is 32” long and 
8%” wide, mounted between two draw- 
ing boards. At the top is a hair-line 











point finder 20” long and at the bottom | 


is a 20” straight-edge by means of | 


which the operator can make the per- 





Fewmanent Magne 


FOR 


LOUD SPEAKERS 


From 2 oz. to over 30 Ibs... . and from start 
om tit) Ma UinrolfeMulelithiclailie-t Ml ol-i-Tae-V lia) 
permanent magnets for loud speakers. They 
ole -Murohamoh coli iole}(-Miclm@melMahalilolimel sy *lilaelileaty 
and include the proposed Radio Manufac- 
turers Association standard speaker magnets 
in Alnico V. 


~ The speaker magnets illustrated above are rep- 
resentative, yet are just one type of permanent 
magnets described in the new 24-page Arnold 


bulletin, ‘Permanent Magnets for Industry.” 


WRITE TODAY on your company letterhead 
FOR THIS NEW BULLETIN 


THE ARNOLD FNGINEERING (COMPANY 
147 salt ONTARIO STREET, CHICAGO 11, ILLINOIS 


Specialists in the manufacture of 


ALNICO PERMANENT MAGNETS 
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The heart of every Burlington Instrument — 
and the reason for its high degree of depend- 
ability —is the Burlington Precision Move- 
ment. 

Design, material, and manufacturing proc- 
esses are selected in such a manner tha’ 
Burlington gives you a rugged instrument — 
which may be subjected to rough usage — and 
still retain its original calibration characteristics. All DC instru- 
ments employ Alnico magnets which are known to be more highly 
resistant to shock, heat, vibration, and stray fields than any other 
magnetic material. 

All ranges AC & DC are available in 214", 314” and 414” sizes, 
both square and round, flush mounting. 

Engineering Service Furnished for Specialized 


Applications. No Obligation. Write Today for 
Further Information. 


BURLINGTON INSTRUMENT CO. 











PANEL INSTRUME 
ULATORS ¢ AUTOMATIC SYNCHRO- 
NIZERS © FREQUENCY REGULATORS 
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spective drawing. Two drawing boar 
are both 23” X 31”, mounted on squa: 
metal tubing. Dowel pins for positio: 
ing these boards can be removed wit! 
the drawing for additional work and 
replaced in exact register. Mechanis: 
is said to be extremely simple, yet co: 
structed with such precision that a 
curacy is finer than the human hand j: 
drawing a pencil line. The stereo-pai: 
which are produced are called “Stereo 
graphs” and can give such three-di 
mensional understanding of a devic 
that the necessity of a mock-up is said 
to be obviated and similarly the engi 
neer or designer could visualize the 
complete object thereby enabling him 
to check and correct the original de- 
sign. Variables which are shown as a 
family of curves, such as required in 
disclosing vacuum-tube characteristics, 
can be shown as continuous “spac 
curves,” or three-dimensional graphs. 
The space curves would give a new ap- 
proach to the representation of data 
in electronics, optics, mechanics and 
chemistry.—Pomeroy Stereograph Co., 
Inc., 1783 E. 11th St., Cleveland, Ohio 





External Comparator with 
Limit Lights 
New “Electrolimit Comparator’ 
combines “P&W Electric Contact Unit” 


with “P&W Electrolimit Head” into an 
assembly for accurately detecting prod- 











uct limits. Little neon tube undersize 
and oversize lights are positioned at 
the sides of indicator requiring only 
one line of vision for both the lights 
and the indicator, Operator knows in 
an instant, by watching limit lights, 
whether part is undersize, oversize or 
within limits. Minus light on left, be- 
ing normally on, will remain so when 
part is undersize. When part is over- 
size, minus light will be turned off and 
plus light on right will flash on. When 
part is within determined limits, both 
lights will remain off. Should operator 
desire to make an actual size reading 


| of any part being checked, it is only 
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necessary to slow up the high-speed 
gaging operation sufficiently to read 
the indicator.— Pratt & Whitney, Div. 
Niles-Bement-Pond Co., West Hartford, 


Conn. 





Instrument-shop Drill Press 
with Automatic Speed Control 


New “Model 105” drill press has 
unique design features, among them: 
(1) chuck, motor armature and gov- 











ernor are all mounted on a single | 
spindle; (2) instead of rheostatic speed | 
control there is a speed control in- | 
strument in the form of an adjustable 
centrifugal governor; (3) spindle speed 
is set by lever-and-scale on front of 
housing and desired speed is main- 
tained with or without load. Either a | 
%-hp. or a 1/10-hp. motor is available, | 
also a choice of spindle speed ranges 
to 15,000-rpm. maximum. — The Elec- 
tro-Mechano Co., 241 East Erie St., 
Milwaukee 2, Wis. 





Gas Alarm System 


New “Davis Remote Head Gas 
Alarm” is of the AFML-approved type 
which will visually and audibly indi- 
cate the presence of combustible gases 
or vapors before a fire or an explosion 
could take place. Its advantages are 
said to be (1) Analysis of the gas 
takes place in the remote head. Thus, 
indication is instantaneous. (2) Remote 
head being explosion-proof, can be 
placed in the gaseous atmosphere. This | 
permits analysis of the gases as they 
exist. Some gases and vapors, if drawn 
any distance through a tube would con- 
dense, hence, inaccurate readings. (3) 
Any number of analysis heads may be 
employed, each independently of the 
others, each calibrated for individual 
gas. Operation of unit with any number 
of analysis heads takes place at one | 



































“The whole is equal to the sum of all its 
parts” —Elementary? Of course—as simple and unchanging as all 
great principles. This axiom is a fundamental manufacturing 
creed at Stancor. We know the established excellence of Stancor 
Transformers is vitally dependent upon the perfection of each 
successive manufacturing step—from engineering considerations 
of individual specifications—through coil-winding, laminating, 
assembling, finishing, testing—and, finally, to careful packing 
for shipment. 

All individual manufacturing operations have one cormmon 
denominator — QUALITY — uncompromising, changeless 
QUALITY that continues to prove —“IN TRANSFORMERS, 
STANCOR GIVES MORE.” 


STANCOR 


STANDARD TRANSFORMER CORPORATION 
1500 NORTH HALSTED STREET CHICAGO 22, ILLINOIS 
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Now .. . @ compact 
audio signal source for 
laboratory and production 

test applications 





The Type MR-1000 is a compact source of audio fre- 
quency power producing up to 35 MW of signal energy 
at output impedances of 500 or 5000 ohms. 


The distortion at maximum output is less than 2% over 
all. 


The built-in attenuator features an arbitrary scale of 1 
to 10 units. 

The Type MR-1000 operates from a standard source of 
110 volts, 60 cycles. 

The case, panel and subchassis are 14” aluminum. A re- 
movable ventilator panel at the top permits easy tube re- 
placement. 

Using a new type of oscillating amplifier circuit, this 
unit maintains an output frequency of 1000 cycles at 
plus or minus 1 cps over 24 hours and will operate con- 
tinuously for 720 hours with a variation of less than 
4 cps. 


OPERATION :—The MR-1000 serves to replace tuning forks 
and offers a source of audio test energy for bridges, etc., and 
can be substituted in existing test positions without wiring 
changes. The MR-1000 can be furnished at frequencies other 
than 1000 cps at slight additional cost. 


SIZE :—6Y," deep x 534" high x 91/4,” long. 
WEIGHT :—13¥, Ibs. 
PRICE :—-$149.00 f.0.b. Chicago. . . . Guaranteed 2 years. 


TELEVISO PRODUCTS CoO. 


71466 IRVING PARK ROAD CHICAGO 34, ILLINOIS 
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point. (4) Filament blow-out sign.) 
gives operator a visual and audible 
dication if any head is inoperative. | 
other heads continue to give protect 
Ventilating fans may be started, a. 
matically, or machinery may }, 
stopped.—Davis Emergency Equipm. 
gg Inc., 80 Halleck. St., Newar!: 
a A 





Magnetic Overload and Jamming 
Relays 

New “Type AYJ” relay for d-c. 

operation is designed to provide )- 


most instantaneous magnetic overload 
protection on general-purpose and mi! 





motor applications, and to prevent 
damage to hoist, windlass and cap 
stan equipment when the load or cable 
jams on marine control. Single-breal 
normally-closed main contacts and 
double-break auxiliary contacts ar 
suitable for carrying 5 amperes con 
tinuously and for interrupting a d-c 
inductive coil load of 150 v-a. maxi- 
mum. “Type AYJ” relays are operated 
by a series or copper strap wound ty): 
of coil. Coils and coil studs are avai! 
able for currents ranging from approx. 
75 to 625 amperes. Coils and auxiliar) 
contact parts are insulated from th 
relay frames for 600 volts. Relays ar 
of unit construction with a knife-edge 
bearing between armature and the 
frame, are completed assembled and 
tested at factory before shipment 
Ground armature and frame surfaces 
are plated with hard chromium for 
protection against corrosion and wear 
—Westinghouse Electric Corp., P. 0. 
Box 868, Pittsburgh 30, Penna. 





Exposure Meter 


New “Type DW-58” splashproof ex- 
posure meter is adapted for correct ex- 
posure readings for camera, in dark- 


room, and for balancing light in studio. 
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utilizing a new internal-pivot ele- 
a weight is reduced approx. 22% 
with a gain in over-all sturdiness. Al- 
though slightly more streamlined, new 
meter les pre-war model. How- 
ever, case has been completely rede- 
signed, rendering instrument dust- and 
moisture-proof and having zero set on 
front. Directional hood has also been 
redesigned, is finished with non-re- 
flecting surface on inside for greater 


accuracy in measurement. Military re- | 
quirements for high-shock instruments | 
are incorporated in design and con- | 


struction —Meter & Instrument Div., 


General Electric Co., West Lynn, Mass. | 





Tungsten Carbide Thread 
Plug Gages 

New thread plug gages of tungsten 
carbide are available as follows: Im- 
mediate shipments from stock on Na- 
tional fine and coarse series, Class X, 
standard GO member sizes as: #5-40, 
#6-382, #10-24, %4”-20, 5/16”-18, %%”- 
16, 7/16”-20, %”-18, #8-32, #10-32, 
4%"-28, 5/16"-24, %”-24 and %”-20. 
Two to four weeks deliveries on other 
standard GO and NOT GO members. 
Four to six weeks deliveries on Spe- 
cials which conform to American Na- 
tional Form single straight lead with 
threads per inch not exceeding National 
Fine Series, Class X.—The Sheffield 
Corp., Dayton 1, Ohio. 





Miniature Motors 


Two new types of “‘Ostermotors” are 
announced. They are small precision 


capacitor synchronous and _ induction 





motors for instrument and control ap- 
plications where constant, unvarying 
performance is required. Output range 
1/1000 to 1/2000 h.p. They are avail- 
able in 4 pole or 2 pole types, with or 
without gear reduction. Weight of gear- 
motor unit 33 ounces.—John Oster Mfg. 
Co., Racine, Wisconsin. 





U-v. Lamp for Dials and Knobs 


New 6-watt 84%” X %” fluorescent 
lamp produces ultraviolet rays whereby 
dial markings and control knobs are 
made to glow in vivid colors. Although 
new “black light” lamp was designed 
chiefly to improve radio dial lighting, it 
is expected to find applications in tele- 
vision and other cathode-ray tube appli- 
cations where it will cause control 
knobs and dials to fluoresce with easy 
visibility and minimum interference 
with the CRO screen image. The u-v. 
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85 E. Gay St., Columbus, Ohio 











20 Vesey St., New York 7, New York 


600 S. Michigan Ave., Chicago 5, Ill. 
1215 Harmon Pl., Minneapolis 3, Minn. 4018 Greer Ave., St. Louis, Mo. 


Service Men! 





You can stop ‘ guessing” 


atoutl Rectifiers 


It's another “first” for Conant. Now, you can get, 
free of charge, a “New Rectifier Replacement 
Guide” for most test equipment. You can know, at a 
glance, the correct type and size rectifier 

for any instrument installation or repair job. 
Write for your “Guide”’ today. 

RECTIFIER SHIPMENTS PREPAID 

Beginning January 1, 1946, every order (large or 
small) for Conant rectifiers will be shipped 

to you prepaid. It’s just another trouble-saving, 
money-saving Conant service. 

REMEMBER, over 90% of all instrument rectifier 
requirements can be served by Conant’s 

4 basic assemblies in 3 series (500, 160 and 160-C). 


You can Count On Conant. 
Prstiument Rectifiers 


ELECTRICAL LABORATORIES 


6500 O STREET, LINCOLN 5, NEBRASKA, U.S. A. 
















2017 Grand Ave., Kansas City 8, Mo. 
1212 Camp St., Dallas 2, Texas 
378 Boulevard N. E., Atlanta, Ga. 


1526 Ivy St., Denver, Colo. 

421 4 Country Club Dr., Long Beach7,Col. 
Export Div., 89 Broad St., N. Y. 4, N. Y. 
50 Yarmouth Rd., Toronto, Canada 
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SAVE TIME 


MAKE MOREY 
SUP ty (UR EXER 


RATES CUT 227. 





Effective January Ist, 1946, Air 
Express slashed rates 13%—a 
total reduction of 22% since 1943. 







When time means money — 
= when an order is at stake, when 

delivery of materials keeps a 
% plant going, when customers are 
better served—Air Express is by 
far the cheapest and most profit- 
able way to ship. 
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Specify Air Express 
































Shipments travel at a speed of three miles a minute Pe eR A 
between principal U. S. towns and cities, with cost ~ ae 
including special pick-up and delivery. Same-day enues | 2 tos. | 5 tos. | 25 tos. |40 ts. | One he 
delivery between many airport towns and cities. 149 | $1.00 | $1.00] $1.00| $123| 3.07 
Rapid air-rail service to and from 23,000 off-airline 39 | 102] 1.18] 230] 368] 9.2) 
points in the United States. Service direct by air to = 1m 1S at =r Ss 
and from scores of foreign countries in planes made ee 
in America, operated by American personnel and Ove 1 yar] an] tesa] aver | raa8 


























flying the U. S. flag. 









rays generated by the new lamp a 
vate the multi-colored fluorescent piy- 
ments on the dials and knobs. Tubular 
lamp itself is a simplified miniature ve, 
sion of ordinary fluorescent tube; but 
in place of the phosphors selected for 
the production of visible fluorescent 
| light, special u-v. phosphors coat inner 
surface of lamp; and special glass mask 
blocks out stray visible light (present 
even with black-light phosphors) while 
permitting invisible u-v. light to be 
transmitted. Under average usage, new 
lamp should burn five years without re- 
placement. Its life is unaffected by fre- 
quent turning on and off. Lamp is a 
trifle longer than a fountain pen and its 
lumincus length is 7”. It is of the no: 
blinking, instant-start type. Assembled 
from three parts—two end caps and a 
glass tube—new u-v. lamp is the “most 
elementary fluorescent tube ever devel- 
oped,” it is said. ‘The end caps function 
in a double role as bases and electrodes, 
acting as connecting links for the 
stream of electrons flowing through the 
tube.”—-Lamp Div., Westinghouse Elec- 
tric Corp., Bloomfield, N. J. 








|Short-range pH Test Papers and 
Dispensers 
Six new “Hydrion” short-range pH 


|test papers are announced. Color 
changes for small pH intervals are said 








to be so well defined with these papers 
that readings can be made to 0.25 pH. 
The six papers cover the range pH 1 to 
14, Transparent plastic dispenser holds 
two papers in roll form. These new 
short range papers supplement the 
original “Hydrion” wide range papers 
and are said to be a useful supplement 
to any other method of determining pH. 
—R. P. Cargille, 118 Liberty St., New 
York 6, N. Y. 





Half-watt Resistor 
New “Type 1101” hermetically-sealed 














Write Today for new Time and Rate Sched- 
ule on Air Express. It contains illuminating 
facts to help you solve many a chipping prob- 
lem. Air Express Division, Railway Express 
Agency, 230 Park Ave., N. Y. 17. Or ask for 
it at any Airline or Railway Express office. 


Representing the AIRLINES of the United States 
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Phone AIR EXPRESS DIVISION, RAILWAY EXPRESS AGENCY | 


| wire-wound resistor rated at 0.5 watt 
|and only %” long X %” in diameter is 
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designed for style RB12A under JAN 
Specification R93. Maximum resistance 
yalue when wound with nickel chro- 
mium wire is 350,000 ohms, maximum 
voltage 420 volts. Resistance element, 
winding form and protective ceramic 
shell form a rigid, integral unit. No 
internal leads or “floating” wires are 
used. Hermetic-sealing is obtained with- 
out use of ferrule caps or glass draw- 
ing by a special solder process.—Shall- 
cross Mfg. Co., Jackson and Pusey Ave- 
nues, Collingdale, Pa. 





Air Regulator-Filter-Lubricator 


New “R-F-L Unit” incorporates all 
components of “Christmas tree” assem- 
bly of reducing valve, pressure gage, 


filter and lubricating device, in a cast- | 





Fig. 1 


ing measuring 6” square by 4%” deep. 
All connections are built into the cast- 
ing and are controlled from or visible 
on the front panel. Unit is mounted in 
the air intake line from the main air 
line, and is adapted to location on a 
central control panel. It is equally 
effective when used with old or new 
equipment; it can be incorporated in 
air devices on the market. In operation, 
new unit levels out surges and sudden 
drops in air supply, and keeps work- 
ing pressure uniform with minimum 
air consumption. Filter and lubricator 
assist any air equipment to operate at 
peak capacity, and effect a marked in- 
crease in service life. Two knobs ac- 
curately adjust air pressure and 
amount of oil injected; third knob 
drains water trap when necessary. Re- 
cessed plug is quickly removed for 
convenient refilling of oil revervoir. In- 
let and outlet ports, drain ports and 
mounting holes are provided in alter- 





yam to Get Your Money's Worth 
in FREQUENCY METERS 








Model 33:F, Full-cycle increment, shown indicating 
frequency of 60 cycles. Black dial for special application. 


Here ate the pacts On 
J-B-T “NS FREQUENCY METERS 


Half-cycle increment, + 0.2%; full-cycle increment, +0.3%. This 
accuracy is not affected by normal temperature change, wave form 
or external magnetic fields. 


ACCURACY 


Made in several sizes, most popular of which is the standard 3%” 

COMPACTNESS pane! mounting model. Also made to meet C39.2-1944 ASA specifi- 
cations and Jan-I-6 for mounting and stud size of Electrical Indicat- 
ing Instruments, No external reactor. 


Model 31-F, 34 inch, 5 reeds, weighs only 0.54 lb; Model 33-F, 
3% inch, 11 reeds, 0.59 lb. Other models are correspondingly light. 


WEIGHT 
Will operate on voltages as low as 8 volts. Standard 110-115 volt 
models will operate satisfactorily over range of 100 to’ 130 volts. 
VOLTAGE Also made for narrower voltage variation if desired. (Incidentally, 
VARIATION current consumption is low. For Model 33-F, for example, 2 watt 
at 115V.) 
No parts to wear out or get out of calibration. All are securely 
anchored to the base with lock washers at every critical point. The 
RUGGEDNESS only movement is at the free end of the spring steel reed. J-B-T 


meters on portable field equipment have established an enviable 
performance record. 


J-B-T Vibrating Reed Frequency Meters are 
available for frequencies from 12 cycles to 525 
cycles with various reed groupings, increments 
and case sizes. For additional facts on the com- 
plete line, send for Bulletins VF-43, VF-43-1A 
(400 cycle Meters) VF-43-1B (2%” sizes), and 
VF-43-1C (interesting new applications) 


(Manufactured under Triplett Patents and/or Patents Pending) 
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you as a brief case. 





SMALL...6at what 


Hathaway Type S-12 Oscillograph 
combines small size and _ portability 
without sacrificing accuracy, capacity and recording quality. Capacity 
up to 12 channels, permanent film or paper record, interchangeable 
high frequency galvanometers and many automatic features. Viewing 


screen permits simultaneous viewing and recording. 


Hathaway Type S-12 Oscillograph is indespensable where portability, 
accuracy and ease of control are fundamental—it’s as easy to take with 


x Delivery 60 to 90 days. Write for bulletin SP-167. Hathaway 
Instrument*Co., 1315 S. Clarkson Street, Denver 10, Colorado. 





( Weilhos 














Sr 





STATIONARY 
TACHOMETERS 


CENTRIFUGAL TYPE 


Indicating R.P.M., F.P.M., etc. 
Belt, Sprocket, or Flexible 
Shaft drives 


Models available for practically 
every requirement. 


Immediate and Intelligent attention will 
be given to your inquiries on all Industrial 
speed measurement problems, Drop us a 
line today. 


Amthor Testing Instrument Co., Inc. 
4a Van Sinderen Ave. Brooklyn, N. Y. 











High precision OPTICAL PARTS 
for Research, Development 
or Production. 

6 
PARABOLIC or SPHERICAL 
Mirrors. 
= 
LENSES, PRISMS or related 
components for your 
visual, photographic 
or electronic 
requirements. 

* 

Natural or Synthetic 
CRYSTAL OPTICS. 


e 
Complete optical 
INSTRUMENTS. 
ca 


Vacuum Coating of 
Optical Parts. 


John Unertl Optical Co. 
8551-8555 East Street 
Pittsburgh 14, Penna. 
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nate locations. In regulator, contro! 
bellows-type reducing valve has long 
travel, permitting accurate adjustme,; 
to required air pressure, Replacea}), 
porous metal filter traps moisture and 
foreign matter, supplying only clea: 
dry air to the air system. Filter i; 
easily removed for cleaning. Water res- 
ervoir requires draining only once 0) 
twice a week. “O” ring construction of 
drain valve assures leak-proof opera 
tion. Lubricator automatically meter 
required amount of oil into air supply. 
Sight glass in front panel shows o 
level in the reservoir. “R-F-L Unit” is 
designed for working pressures to 15) 
Ibs./in.*. Illustrations show (1) “R-F-L 
Unit” installed in air intake line of a 
Warner & Swasey turret lathe; (2) 
unit mounted on a central contro! 
panel.—Logansport Machine Co., Inc. 
Logansport, Indiana. 





Dowmetal Slide Rule 


New model of “Deci-Point” slide ru! 
originally announced in Instruments, 
Feb. 1945, page 124, is being manu 
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factured of light-weight Dowmeta 

which is said to make possible a num- 
ber of advantages. Accuracy is superior 
to accuracy of previous model because 
Dowmetal is not affected by limatic 
conditions of heat, cold or moisture. 
There is no perceptible warping, swell- 
ing or other distortion. Dowmetal can 
be machined to extremely close toler- 
ances, permitting self-centering “opti- 
cal groove” construction which prevents 
side play and binding. Dowmetal core is 
surfaced with a flat white plastic im- 
pervious to water or chemicals and said 
to be virtually immune to abrasion from 
regular use. Rule is 12%” long and 2 

wide, comes with manual, typical prob- 
lems and carrying case.— Pickett & 
Eckel, 53 W. Jackson Blvd., Chicago 4, 
Illinois. 





Direct-reading Fluxmeter 


New “MFM2” and “MFM38” Direct- 
reading Magnetic Fluxmeter for lab 
oratory, school and maintenance uses, 
was originally developed for the Armed 
Services (by maker’s engineers in coop- 
eration with OSRD at the MIT Radia- 
tion Laboratories) for high-precision 
measurement of field strengths of mag- 
nets used with magnetron assemblies, 
but now finds numerous industrial and 
school uses. It can be used to measure 
magnetic fields and gaps %” or greater, 
within the range of 1200 to 9600 gauss. 
The fluxmeter consists of two perma- 
nent-magnet moving-coil instruments 
connected in series provided with suit- 
able shunts, current and range selection 
controls. Both these instruments are 
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Fig. 1 


unusual: Probe element or search-coil 
assembly is a special moving system of 
extremely small size, whose components 
have all been minutely inspected and 
graded for magnetic impurities in fields 
up to 25,000 gauss. Probe meter derives 
its energy from the magnet under test. 
A current, passed through its moving 
coil assembly to deflect it to a fixed point 
on its scale, is then measured in terms 
of gauss, on a special suppressed-scale 
milliammeter. It is said that by use of 
calibrating devices of extreme accuracy, 
0.1% components and matched temper- 
ature coefficients of the circuits, over-all 
accuracy of the instrument in all fields 
and at all poirts on the scale is con- 
siderably better than 1%. Gauss meter 
is steel-encased to provide shielding 
from the very strong magnetic fields 
which it may encounter, has a sup- 
pressed scale that permits the use of a 
4” instrument equivalent in scale spread 
and accuracy to an 8” or 9” indicator. 
This instrument reaches zero point on 
left-hand side of scale when one milliam- 














Fig. 2 


pere of current is flowing, and reaches 
full-seale when 2 milliamperes of cur- 
rent are flowing through the circuit. 
Ordinarily, it is impossible to properly 
zero-set an instrument of this nature, 
but new direct-reading fluxmeter has a 
current-dividing network which permits 
zero-setting to be made in normal man- 
ner at zero point on indicator without 
affecting suppression feature. Fluxme- 
ter is extremely rugged: it was used in 
the field with all types of combat radar 
equipment; it does not require leveling 
or special search coils. It indicates field 
strength directly in gauss and may be 
used also to monitor magnetic field 
strengths continuously. Principal data: 
Weight 6% lbs. Carrying case of hand- 








rubbed oak, 5” X 6” XK 10%”. Power 








if you want a Vacuum 


TAKES HARD KNOCKS—< 
REPEATEDLY 
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Tube Voltmeter you 


don’t have to coddle—one that gives accurate 
readings in spite of routine knocking about— 





THE JACKSON 
Model 645 AC-DC 
ELECTRONIC 
VOLT-OHM-MILLIAMMETER 


is the instrument for you, Here are 
the condensed specifications. 


Both A.C. and D.C. volt ranges are 
Electronic. This provides maximum 
sensitivity and overload protection for 
all A.C., D.C., and ohms ranges. 


Measures resistance up to 1 billion 
ohms (1 thousand megohms)—and as 
low as 2/10 ohm. 


3 million ohms per volt sensitivity on 


0-4 volt D.C, range. Constant input 
resistance 12 megohms on all D.C. 
volts ranges. 


Over 4 million ohms per volt sensitivity 
on 0-1 volt A.C. range. Input resistance 
of 4.4 megohms on all A.C. ranges, Flat 
frequency response between 50 cycles 
and 200 kilocycles. 

Meter cannot be damaged by acciden- 
tal overload on any electronic range. 
Electronic overload protection on all 
A.C. and D.C, volts, and ohms ranges. 
Variations in line voltage do not affect 
accuracy within the range of 100 to 125 
volts. Equipped with ballast control 
tube and self-compensating circuits. 


Contains 3 tubes (6X5GT/6K6GT/ 
7N7), neon regulator, 1-41/, volt bat- 
tery and ballast; self-contained, fur- 
nished with the instrument. 


Meter ranges— 


A.C, Volts: 0-1/4/10/40/100/400/1000 

D.C, Volts: 0-4/10/40/100/400/1000 

Ohms: 0-1000/10,000/100,000/1meg/10meg 
/100meg/1000meg 

M.A.: 0-1/4/10/40/100/400/1000 

Decibels: Minus 30 to minus 5/minus 10 to 
plus 15/10 to 35/30 to 55 
Either positive or negative D.C. volt- 
meter indications instantly by means of 
reversal switch. Signal Tracing type 
test lead, isolation resistor in probe. 


Dimensions—8//,” x 8!/,” x 6”—Unit 
welded steel case, grey morocco finish. 


JACKSON 


Yine Elechical Testing Inistiuments 


JACKSON ELECTRICAL INSTRUMENT COMPANY, DAYTON, OHIO 
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WE CAN DO 
FOR YOU 
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} TELEOPTIC: 


COMPANY 


THE 
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WRITE FOR DETAILED LITERATURE ON 
PRECISION PARTS, ASSEMBLIES, AND TIMING MECHANISMS 


THE TELEOPTIC COMPANY, 1265 Mound Ave., Racine, Wisconsin y 3 
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AGAIN 
ON HAND! 





IMPORTED SWISS 
5-RANGE, CENTRIFUGAL TYPE 


HAND TACHOMETERS 


<ATLG. NO. 303 CATLG. NO. 346 


30-120 RPM 120-480 RPM 
100—400 RPM 400-1600 RPM 
300—1200 RPM 1200-4800 RPM 

1000—4000 RPM 4000—16,000 RPM 
3000—12,000 RPM 12,000—-48,000 RPM 


FOR DETAILS WRITE FOR BULLETIN 
. NO. 750. NO PRIORITY REQUIRED 


HERMAN H. STICHT CO., INC. 
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REX RHEOSTAT COMPANY, BALDWIN, L.1.,N. Y. 





PROTECTED and 
UNPROTECTED 


TUBULAR SLIDE- 

CONTACT RHEOSTATS 
WITH SELF-LUBRICATING 
CONTACT BRUSHES 


PROMPT SHIPMENTS 


REX RHEOSTAT CO. 
BALDWIN, L. 1, N.Y. 














source, a single Type D flashlight « 
Cable on the probe element is 4% feet 
in length. Unit is provided with ada; 
ters for use with magnetron magnet 
assemblies having gaps of 0.550” to 
0.750”, with pole diameters of %” and 
with adapters for gaps of 1.3” to 1.5 
with pole faces of 158” and 2” diam. 
For magnetic measurements in fields 
of non-standard magnets, and othe: 
sources, probe element is marked with 
centering lines and provided with a 
handie. In use, all that is required is 
to insert probe into rough geometric 
center of field to be measured, turn cur- 4 
rent control until probe pointer deflects 
to red mark at full-scale and then read 

field strength on scale of gauss meter. 
Probe can be removed from field and 
instrument read at any time, since it 

is of constant-indicating, not ballistic 
type. — Marion Electrical Instrument 

Co., Manchester, N. H. 





Precision Resistors 


New “Series 84” resistors are pre- 
cision-grade units designed to be 
mounted by means of a through-bolt 








and equipped with 4 radial lug at each 
end. “Riteohm 84” is pie-wound to 1° 

accuracy and is available in 3 sizes: 
9/16” diam. X 9/16” long, 9/16 xX %”", 
and %” X 1 3/16”. Smallest is a 2-pie 
while the other two are 4-pie units. 
Minimum resistance is 1.0 ohm for 2- 
pie unit and small 4-pie unit, and 0.10 
ohm for large 4-pie unit. Maximum re- 
sistance is 200,000 ohms for 2-pie, 400,- 
000 ohms for small 4-pie, and 1.5 meg 
ohms for large 4-pie unit. Among uses 
voltmeter multipliers, laboratory equip- 
ment, radio and electrical test sets, 
attenuation pads and in electronic 
equipment requiring accurate resist- 
ance components. Enameled alloy resist- 
ance wire is non-inductively pie-wound 
on non-hygroscopic ceramic bobbin with 
hole through center for No. 6 screw. 
Lug type terminals are firmly fastened 
to bobbin. After being wound, unit is 
vacuum impregnated with special var- 
nish which provides additional insula- 
tion and protection against humidity. 
—Ohmite Mfg. Co., 4835 Flournoy St. 
Chicago 44, Ill. 





Reversing Contactor 


New “Type 185CXX” heavy-duty 
reversing contactor is 5%” wide X 4’ 
high X 1%” deep, weighs approx. 2% 











t cel! Ibs.; is designed for use with polyphase 





@ fect motors up to 1 h.p. and single-phase 
adap- motors to % h.p.; and is available from 
agnet 110 volts to 600 volts a.c. It consists 
0” to of two 3-pole contactors mechanically 
" and interlocked. Thus it is suited for control 
> 1.5’ operation on small hoists, machine tool 
diam. cross feeds and a wide variety of other 
fields applications. Smaller size, lighter 
other weight and consequent lower cost are 
with accomplished by use of a simplified one- 
ith a piece solid frame structure. All contacts, 
ed is terminals and coil leads are accessible 
1etric ; from front without removal of any 
| cur- : parts. All fixed contacts are inter- 
flects changeable to permit easy replace- 
read ment from a minimum stock, as are the 
eter, moving contacts. — Struthers Dunn, 
and Ine., 1821 Arch St., Philadelphia 7, Pa. 
ce it 
listic k 
ment High-vacuum Rectifier 


New “EE 2BT” is a high-vacuum 
tube with peak inverse voltage rating 
of 40 kv.; average 
anode current 5 











pre- milliamps. It is 
be said to close gap 
bolt in available types 
of rectifiers for 
"a television applica- 
3 tions. It has high 
peak inverse rating 
< and is expressly 
, designed for plate 
supply in video re- 
; ceivers requiring 
potentials to 12,700 
volts on the pro- 
ach jector tube. By in- 
1% corporating the 
a “EE 2BT” it is 
1”, claimed that engi- 
‘pie neers can eliminate 
its. flashback trouble 
 2- without specifyin 
10 a rectifier wit 
re- ratings in excess 
00,- of actual require- 
eg- ments.— Electronic 
cs: Enterprises, Inc., 
1p- 67 Seventh Ave., 
ts, Newark 4, N. J. 
nic 
st- 
os Heat-screen Glass 
ith New heat-absorbing, color-transmit- 
Ww. ting glass makes possible improved 
ed projection of color pictures and cooler 
is working conditions for motion picture 
ir- and television actors. Also, when used 
la- as a heat screen in a projector, it per- 
ty. mits the projection of motion and still 
c., pictures in their original colors; and 
since it absorbs heat emitted by the 
light source, films and slides are pro- 
tected against damage or burning. This 
insulating property enables film editors 
ty and educators to study a specific pro- 
4” jected scene by stopping the projector 
My and relying on the glass to protect the 


New glass absorbs approximately 
90% of infrared (heat) radiations and 
transmits approximately 85% of light 
out of a possible 92% (8% being lost 
by reflections). If reflections are re- 
duced by glare-removing methods, light 
transmission can be increased from 85 
to 90%. New glass transmits colors 
accurately, is chemically stable, resists 
weathering without requiring a surfac- 
ing treatment, and can be molded, 
ground and polished, and fabricated like 
ordinary glass. It is formed from 





REGULATED POWER SUPPLY 


Wide fields of application have been opened up both in 
research and industry for this unit. A-C ripple is negligible 
and extreme care has been taken to eliminate high-fre- 
quency noise. Regulated power supply units are invaluable for 
such applications as amplifiers, television pulse generators, 
constant frequency oscillators, and measuring equipment. 


Other G-E regulated power-supplies are available in the follow- 
180-300 volts 160-1500 volts Dual Regulated 


Write today: Electronics Department, Specialty Division, 
General Electric, Syracuse, N. Y. 


GENERAL @ ELECTRIC 


‘Side! SS eam as ie 
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250-450 VOLTS 













Electronic Measuring Instruments 
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Let Zenith help solve your Mirror and Refi 





# ee 
EFLECTORS | Ay 
FOR TELEVISION, | 


ELECTRONIC, OPTICAL, \ 
and SCIENTIFIC APPARATUS) 


\ 
} 
hey 
Front or Rear Surface Mirrors and Re- WA 
flectors made to your specifications. ki 
Closest optical and dimensional toler- 
ances observed. 
@ EXCEPTIONAL REFLECTIVITY 
@ WILL NOT TARNISH 
@ OPAQUE OR SEMI-TRANSPARENT 
@ HEAT RESISTANT 
@ PROMPT SERVICE 
We invite your inquiries. Samples and 
quotations will be submitted promptly. 
ector problems! 







































123 WEST 64th STREET Be 
NEW YORK 23, N. Y. * é 
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tHe NULLMATIC 


PRESSURE 
REGULATOR 





HOLDS OUTPUT 
PRESSURE CONSTANT 


regardless of wide changes in 
flow or in supply pressure 








This instrument is actually a pres- 
sure controller in which the main 
valve is operated by a pilot nozzle. 
Recommended for precision regu- 
lation of air and gas pressures, in 
dead-end service, ry with flows 
up to a maximum of 45 s.c.f.m. 


PERFORMANCE 


The NULLMATIC Regulator provides 
accurate and dependable manual con- 
trol of air-operated valves, dampers, 
end air-loaded cylinders. The auto- 
matic bleed feature permits lowerin 
the control pressure when required. 
A separate safety release provides posi- 
tive protection against overload. 


EFFECT OF CHANGES IN FLOW 
42. 
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STD. CFM AIR DELIVERED 

These curves show the slight effect of 
flow changes on the NULLMATIC 
Reguletor, compered to the performance 
of several non-piloted instrument-type 
regulators In the tests, each regulator 
was set to deliver 40 p.s.i at 1 s.c.f.m 
flow (with 60 p.s.i supply), and this 
setting wes maintained while the 
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5 s.c. m., the © 

NULLMATIC MATIC Regulator 

NULL WINUANCE | veried less than 1” 
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PRODUCTS CO. 


9i2 E. LYCOMING STREET 
PHILADELPHIA 24, PA 
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carefully-balanced proportions of phos- 
phorus, aluminum and silicon oxides; 
supplemented by various conditioning 
ingredients together with ferrous iron 
as the heat-absorbing agent—American 
Optical Co., Southbridge, Mass. 





Midget Vibrator 


New “Midget Vibrator, VR-2,” said 
to be the smallest vibrator made, meas- 
ures 2%” high by 1%” diam., was a 
special war development designed for 
operation from 
a small 6-volt 
storage battery 
in furnishing 
power to replace 
dry battery 
power in certain 
communications 
equipment; has 
numerous civil- 
ian applications. 
Specifications 
are as follows: 
Vibrator fre- 
quency, 185 cps. 
+10%; Nomi- 
nal input volt- 
age, 6.0 v.; In- 
put voltage 
range, 4.5 v. to 
7.5 v.; Input 
current, 1.5 
amps max. at 
6.0 v.; Output 
voltage, 200 v. 
d.c. max.; Po- 
tential difference between primary reed 
and secondary reed, 25 v. max. Illus- 
tration shows vibrator in full size.— 
The Radiart Corporation, 3571 W. 62nd 
St., Cleveland 2, Ohio. 








Molding Sand Pressure Tester 


New “Portable Gas Pressure De- 
terminator” has been developed for 
rapid determination of the gas pressure 





created by molding sand or cores. It 
uses a 1%” X 3” sand or core speci- 
men which is attached to its stem. This 
specimen is then immersed in molten 
metal. Pressure of gas envelope created 
by specimen is shown on at other 
end of stem. New Gas terminator 
thus makes it possible to measure pres- 
sure of mold-metal interface gas en- 
velope by a practical method that 








RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


New York, N. Y. 





Rawson 
Twin Multimeter 





29 Ranges in Less Space Than 
Any Near Equivalent Combination 
Size 12” x 8” x 6” 


RANGE OF MEASUREMENTS 


D.C. 1 microampere to 1 ampere 
20 microvolts to 1000 volts 


A.C. (up to 3000 cycles) 
2 milliamperes to 3 amperes 
60 millivolts to 1000 volts 


Special Apparatus Built to Order 


Cambridge, Mass. 


Chicago, Ii! 


{12 Potter St. 











HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 36 years. 


In general use for 
specification pur- 
poses. Simple, 
sturdy. Compara- 


tively inexpensive. 





The Shore Instrument 
& Mfg. Co., Inc. 


9025 Van Wyck Ave., Jamaica, N. Y. 
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simulates mold conditions. Sand or core 
mixture to be tested is rammed to the 
chosen hardness by means of maker’s 
“No. 754 Sand Rammer.” A special 
pedestal furnished with Determinator 
contains a hole to receive a specimen 
tube %” O.D. X 7%” in length. End of 
tube projects 2%” above special ped- 
estal so that open end of tube is %” 
from top end of the rammed specimen. 
(See illustration.) Rammed specimen 
with tube may be then dried or baked, 
or attached to the Determinator in the 
green state. Tube with specimen on one 
end is then inserted into lower end of 
Determinator. A heat-resisting gasket 
makes a gas-tight joint. Tightness of 
this joint is adjusted by turning 
handle of Determinator. Specimer. on 
end of tube is then immersed 244” into 
a ladle of molten metal. Gas pressure 
is read in inches of water pressure. 
This new method, wherein specimen is 
immersed in the type of metal to be 
cast, is said to solve many perplexing 
problems. Heat ‘conductivity of metal- 
mold interface is automatically taken 
into consideration. Net weight of unit 
is 5 Ibs. and shipping weight is approx. 
15 lbs —Harry W. Dietert Co., 9330 
Roselawn Ave., Detroit 4, Mich. 





VHF Crystal Unit 


New “Type ART” crystal unit for 
VHF services is a ruggedly-built tem- 
perature-controlled assembly designed 
for services where frequency stability 

must be main- 
: tained through- 

out tempera- 
ture range 
from~55°C, to 
75°C. A built- 
in heater op- 
erating on 6.3 
volts at 1 am- 
pere provides 
temperature 
control within 
£2°C. This 
permits an 
over-all fre- 
quency toler- 
ance of 

+ 0.005% or 

better includ- 

ing variations 
due to temperature change as well as 
tolerances required for crystal produc- 
tion. “Type ART” crystal unit is avail- 
able for any frequency between 3500 
ke and 11,000 ke.—Bliley Electric Co., 
Erie, Penna. 


R-f. Signal Generator 


New high-level radiofrequency signal 
generator covers the range from 400 
ke to 60 Mc in six steps. Modulation of 


























am 
HIGH-VOLTAGE TEST SETS 


This new bulletin presents a full line of highly accurate, port- 





able “time savers” for making practically any A-C high- 
potential test. Twenty-four pages of comparative specifications, 
photographs and data are given on ten standard portable 
test sets, including portable oil and insulation testers and 
general purpose test sets, with ranges from 2000 to 150,000 


volts, 0.25 to 25 kva. Information is also given on sphere gaps 
and other specialized G-E testing equipment. If you use elec- 
tric equipment, heavy or light, you need this bulletin! Write 
today for Bulletin GEA-4477, Apparatus Dept., General 
Electric Company, Schenectady 5, N. Y. 


Make G-E Your Testing Equipment Headquarters 


GENERAL & ELECTRIC 


401-834-5155 


Make sure gm of PROTECTION 


VisrocROUND 


Ground Resistance 
TESTER 


Protection to life and property are assured by frequent and accurate testing of resistance to 
earth, of man-made grounds. VIBROGROUND has long demonstrated its exceptional depend- 
ability. Not affected by prods, lead, nor frequency. AC or DC currents in ground do not 
distract from accuracy. No calculations required. Light. Portable. Easy one-man operation. 
Self-contained power source. NO CRANKING. 


Send for fully descriptive Bulletin 


ASSOCIATED RESEARCH, Inc. 


233 S. GREEN ST., CHICAGO 7, ILL. 
Engineering Service Representatives in all Principal Cities 
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WOLLASTON Process 
Wire...S0 Aine at 


can he seen only 


under high 





We can draw wire as 
small as 


1 of an inch 
100,000 | in diameter 


. - « available in Platinum 
and some other Metals 


.00001” is less than 1/30 the 
diameter of the smallest wire 
die commercially available. 
Yet our Wollaston Process 
wire (drawn in a silver jacket) 
closely meets your specifica- 
tions for diameter, resistance 


and other characteristics. 

® 
This organization specializes 
in wire and ribbon of smaller 
than commercial sizes and 
closer than commercial toler- 
ances. Write for List of Products. 


SIGMUND COHN & CO. 


NEW YORK 


44 GOLD STREET 
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30% at 1000 eps. is optional by means 
of a panel switch. Output is 3 volts 
(RMs) at all frequencies and is read 
directly from a panel voltmeter. Output 
is through an output jack and coaxial 
cable terminated in a 75-ohm resistive 
load. Calibration is accurate to better 
than % of 1% and is read from a large 
individually calibrated chart mounted 
on lid of each eabinet.—Barker & Wil- 
liamson, 285 Fairfield Avenue, Upper 
Darby, Penna. 





Close-tolerance Resistors 
Four new types of resistors, said to 
combine close tolerance, high quality 
and low unit cost, are available for 





immediate delivery in quantity. “Type 
ALA”: 3 watts; max. resistance 25,- 
000 ohms (Nichrome) or 5000 ohms 
(Manganin); size 1%” XK %”; axial 
lead mounting, No. 18 tinned copper 
terminal leads 2” long; standard tol- 
erance 3% (1% at extra cost). “Type 
ACA”: 6 watts, same as “ALA” ex- 
cept coated with high-temperature ce- 
ment. “Type BLA”: 5 watts; max. 
resistance 50,000 ohms (Nichrome) or 
10,000 ohms (Manganin); size 1%” X 
%”; mountings and tolerances same as 
“ALA.” “Type BCA”: 10 watts, same 
as “BLA” except coated with high- 
temperature cement. All four new types 
can be supplied with non-inductive 
winding with 50% reduction in max. 
res. — Instrument Resistors Co., 25 
Amity St., Little Falls, N. J. 





Four-way Control Valves 
New “Modernair Model CV” 4-way 
control valves, designed for the control 
of air and low-pressure hydraulic sys- 
tems, are adapted to hand, foot or pilot 











The STATHAM 
GAGE 





* 


Displacements 
as minute as 
0.000008” or 
Force Changes 
as small as 0.02 
oz. are readily 
detected by the 
i Statham Gage 
without expen- 





sive electronic 
equipment. Complete system for 
remote indication or recording 
comprises Statham Gage, dry 
cells, and microammeter or re- 
cording galvanometer. 





WY ed 2 Bee ease) INSTRUMENT MAKERS 


8222 BEVERLY BOULEVARD 
LOS ANGELES 36, CALIF. 














HIGH SPEED PRECISION 
DRILL PRESS 


; iyo, 


+ 
Ps 
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EASY, FAST OPERATION ... . 
REDUCTION of DRILL BREAKAGE 


Vibration-free variable speed, governor con- 
trolled, ball bearing motor (AC-DC) maintains 
max. spindle torque from 1000 to 15000 RPM. 
Selective fine or coarse quill drive assures 
sensitive, easy and fast drilling from .004” to 
5/32” with over 200% increa: drill life. Max. 
chuck run-out .0001”. 8 models adaptable to 
single or multiple head set-ups. 


COMBINES ACCURACY with ECONOMIC PRODUCTION 


THe ELECTRO-MECHANO co. 


261 E. Erle St., Milwaukee 2, Wis. 





























operation by simple assembly changes 
of identical housings. New valves are 
fully balanced, use aircraft type pack- 
ing and are free of metal-to-metal con- 


tact between wearing parts. Design per- | 


mits transmission of full line volume 
and pressure through valve without op- 
eration of valve being affected by varia- 
tion of line pressure; also permits use 
normally “on” or “off” in three posi- 
tions, with center position being “neu- 
tral.” In “neutral” position, when valve 
ig used for cylinder control, unit may 
be arranged to permit positioning of 
piston with pressure balanced on both 
sides of piston, or with pressure re- 
lieved at both piston ends. All of the 
adaptations as hand, foot or pilot-oper- 
ated valves can be used as single 3-way 
valve by plugging one outlet port or as 
two 8-way valves in series. When unit 
is installed as two 3-way valves in 
series, one valve will have the pressure 





Fig. 2 


on, while the other will have the pres- 
sure off. Using the same assembly of 
housing, piston rod and end plates, a 
hand- or foot-operated “CV” valve con- 
verts to pilot operation by removal of 
one end plate and replacement of the 
piston and end plate. These changes 
may be made without breaking. line 
connections. New valve is normally fur- 
nished with %-18 NPT Female ports at 
1” spacing on centers; is also available 
in %”—18 port size (other sizes in near 
future). Mounting pads are 4%” over- 
all with 9/32” diameter holes on 
2-18/16” centers. Width of valve body 
(port facing to port facing) is 3%”. 
Over-all width of valve body is 2-7/16”. 
—Modern Products Limited, 952 South 
Grand Ave., Los Angeles 15, Calif. 





Air Separator 
New “Airfuge” is a separator for re- 
moving moisture, oil, scale, etc., from 
compressed air. It utilizes centrifugal 
principle, whereby delivered air is 99% 


a 

















IS YOUR PRODUCT PROTECTED FROM 
“SHIPPING SHOCK?’ 





BE SURE... CHECK YOUR PACKING SYSTEMS 
WITH THE G-E CUSHIONING METER 


ECONOMICAL—without damaging expensive equip- 
ment, it provides a simple means of determining the 
protection against shock afforded by your packing 
systems. 

EASY TO OPERATE—requires no adjustment during 
measurement. Ascientific means of determining whether 
your product is safeguarded against “‘shipping shock.’’ 
SELF-CONTAINED —in one easily portable case. 
Operates from-any a-c 110-volt, 50/60-cycle outlet. 
Also useful for determining the shocks to which equip- 
ment is subjected in service. Write for Leaflet GEA- 
4472. Apparatus Dept., General Electric Company, 
Schenectady 5, N. Y. 


GENERAL (% ELECTRIC 





















TO INSTRUMENT 
DEALERS 


We have available, protected ter- 
ritories for dealers and Manufac- 
turers’ Representatives in various 
parts of the country. Our newly 
designed Industrial Thermometers 
of the finest quality are ready for 


distribution. For further details 





please write to us NOW! 


| a THE PHILADELPHIA THERMOMETER CO. 


: yy 4401 N. SIXTH STREET, PHILADELPHIA 40, PA. 
“PHILADELPHIA’S OLDEST THERMOMETER MANUFACTURER” 
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A BRADLEY 


COPPER OXIDE 
Ma@igiaie 





A full-wave rectifier 
with high conversion 
efficiency, for electronic 
control work, Rated at 
6 volts A.C., 50 milli- 
amperes D.C. continu- 
ous. Fully enclosed. 
Mounts on a single 
screw 


All Bradley rectifiers 
have special features 
that give long life, 
make for easy assembly 
and assure accurate 
performance. Bradley's 
application experience 
can be called upon for 
the development and 
production of special 
rectifiers for special 
jobs. 


BRADLEY 


LABORATORIES, INC. 


82 Meadow St. New Haven!0, Conn 
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or more free of contamination. Cleaned 
air may be taken off horizontally or 
vertically from pipe-tapped ports. An 
integral float-operated trap releases 
condensate automatically. Separator is 
made of high-tensile iron; interior 
parts of corrosion-resisting materials. 
Bottom easily removed if necessary for 
cleaning. Made in three sizes for vary- 
ing capacities and with a range of 
pipe connection sizes.—The Swartwout 
Co., 18511 Euclid Ave., Cleveland 12, 
Ohio. 





82-piece Gage Block Set in 


Carbide 
New “No. 82-C Tungsten-Carbide 


| Set” is comparable in quality in every 


respect to the 35-piece tungsten-carbide 


' set recently introduced by maker (see 





Instruments, Oct. 1945, page 743). In 
new set, block sizes range from 0.050” 
to 4”. Set includes 9 pieces in 0.0001” 
steps from 0.1001” to 0.1009” ; 49 pieces 
in 0.001” steps from 0.101” to 0.149”; 
19 pieces in 0.050” steps from 0.050” 
to 0.950”; 4 blocks of 1”, 2”, 3” and 4” 


| respectively; and 1 piece of 0.10005”. 


Grades “AA” +0.000002”, “A”+0.000- 
004” and “B” +0.000008”. This 82- 
piece set provides more than 480,000 
combinations in wringing.—Fonda Gage 
Co., 59 Daly St., Stamford, Conn. 





Volt-ohm-milliammeter 
New “Model 2405” volt-ohm-milliam- 
meter with d-c. volt ranges at 25,000 
ohms per volt provides for voltage, 





current and resistance analyses. Ranges 


are: D-c. volts: 0-10-50-250-500-1000, 
at 25,000 ohms per volt; A-c. volts: 
0-10-50-250-500-1000, at 1,000 ohms per 
volt; D-c. amperes: 0-10; A-c. amperes: 


0-0.5-1-5-10; D-c. milliamperes: 0-1-10- 


50-250; D-c. microamperes: 0-50; ©); 
megohms: 0-4000-40,000 ohms-4-40 g- 
ohms; output: capacitor in series \,ith 
a-c. volts. Six-inch “Model 626” M..;.. 
ammeter, adjusted to 40 microam; 
carries “Red * Dot Lifetime Guaran ..” 
against defective workmanship or : 
terials. New “Square Line” metal . $e, 
10” X 10” X 5%”, complete with de. 
tachable, hinged cover and compartment 
for instructions and accessories, is {ip. 
ished in tan “hammered” enamel, Leath- 
er strap handle for portable use. 
Batteries self-contained. Leads fur. 
nished. Weight approx. 11 lbs.— 7h, 
Triplett Electrical Instrument (o. 
Bluffton, Ohio. . 





Greases for High-speed Instru- 
ment-motor Ball-bearings 

New: Silicone : “BC 33” and 
“DC 44,” are serviceable in ball bear- 
ings operating at speeds up to 10,000 
r.p.m. and are subject to bleeding of 
less than 2% after 16 hours at 110°C. 
(203°F.) “DC 38” is effective over a 
temperature range of —94°F. to 
300°F.; “DC 44” is serviceable at tem- 
peratures ranging from —4°F. to 
345°F. Their low volatility and their 
very slight tendency to bleed recom- 
mend them for the sealed-in lubrica- 
tion of ball bearings and for the lu- 
brication of bearings operating at ab- 
normally high and low temperatures.— 
Dow Corning Corp., P. O. Box 592, 
Midland, Mich. 





Stencils for Three-dimensional 
Drawings 

New “Instrumaster” line of stencil 

type drafting instruments comprises 

one (Fig. 1) intended for isometric 

drawings, the other (Fig. 2) for Di- 








Fig. 1 


metric drawings. Both are precision cut 
out of 0.04” clear high grade plastic, 
graduations and lettering debossed on 
lower side. They provide inch gradua- 
tions at full scale (or half scale in the 
case of one edge in dimetric stencil) 
along one vertical and two slanted 
edges. These three edges represent 
correct directions of isometric and di- 
metric axes. Each stencil is provided 
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“+h 27 ellipse openings correctly rep- 
nr ime circles from %%” to 2” diam- 
eter. Allowance is made for pencil-point 
or lettering-pen thickness. For correct 

sitioning, center lines are marked 
clearly by lines and small holes that 
always line up with the axes through 
center of ellipse to be drawn. Ellipse 
sizes are indicated by size of circle to 
be represented, not by major axis— 
which also facilitates the draftsman’s 
job. “Professional Size” stencils of the 
same type with ellipses from 2%” to 
4%" diameter are available also.—In- 
etrumaster Industries, 76 Arch St., 


| Greenwich, Conn. 





Magnetic Hardness Comparator 
for Small Ferrous-metal Parts 


New Magnetic Hardness Tester for 
rapid determination of hardness of 
small ferrous-metal parts is in effect a 
convenient “go” and “no go” hardness 











gage, simplifying inspection of such 
parts as electric-instrument pivots and 
shafts, watch shafts and other parts 
too small to be production-tested with 
mechanical-type hardness testers. It 
also permits spot checking of hardness 
in large sheets, or lengths of steel wire, 
through the comparison of random- 
selected small samples. Illustration 
shows only air gap of new tester, which 
is 6” long, 34%” wide and 7” high. It 
consists of an Alnico bar magnet set 
in an adjustable soft-iron frame, which 
permits air gap (and thereby field 
strength) to be set at correct value for 


7 





| testing pieces of different size, whose 


dimensions are between 1/16” and 1%”. 
A knurled thumbscrew locks air gap | 
adjustment, and a brass block for posi- | 
tioning specimens is mounted on base | 
of tester, a little out of the direct line | 
of the magnetic field. A two-way level | 
(seen in photo) is attached to base to | 
show when tester is properly positioned. | 
A pair of brass tweezers is furnished | 
for handling specimens. Operation is 
based upon correlation of hardness and 
coereive force in magnetic materials. 
Instrument checks pieces of unknown 








with the CORBIN Hand Tachometer 


NO LAG .. . the pointer swings around instantly 
— follows every change of speed, giving a positive, 
steady reading at all times. CORBIN cross-balanced 
centrifugal governor eliminates oscillation . . . mech- 
anism requires no lubrication. Packed in box with 
rubber pointer, rubber cup and rubber-tired wheel. 
Choice of ranges and dial markings. 
















MODEL 62 
VACUUM TUBE VOLTMETER 


SPECIFICATIONS: 
RANGE: Push button selection of five ranges—1, 3,10, 30 and 100 volts a.c. or d.c. 
ACCURACY: 2% of full scale. Useable from 50 cycles to 150 megacycles. 
INDICATION: Linear for d.c. and calibrated to indicate r.m.s. values of a sine- 
wove or 71% of the peak value of a complex wave on a. c. 

POWER SUPPLY: 115 volts, 40-60 cycles—no batteries. 

DIMENSIONS: 4%" wide, 6” high, and 8%" deep. WEIGHT: Approximately 6 Ibs. 
PRICE: $135.00 f.0.b. Boonton, N. J. immediate Delivery 


MEASUREMENTS CORPORATION 
: BOONTON, NEW JERSEY 
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Help Maintain 
UNIFORM HIGH QUALITY 


, cO 
Gs 
@ Ai Proctor & Gamble, uniform high 


standards must be rigidly adhered to. . . 
and it is not surprising that Palmer Ther- 














hardness against a specimen of known 
hardness by comparing relative strength 
of magnetism produced in test pieces 
and in standard specimen, under the 
same conditions.of magnetization. This 
test will distinguish differences as little 
as two points on Rockwell “C” scale 
and does not damage specimens.—Gen- 
eral Electric Co., Schenectady 5, N. Y. 





Demagnetizer 


New demagnetizer for small tools 
with a diameter of 7/16” or less is 3” 
x1%”" X %” and operates from 115- 
volt a-c. supply. It is energized by de- 
pressing switch button and de-energized 
by releasing button. To demagnetize a 
tool, such as a small drill, coil is ener- 
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mometers have been selected to help maintain such 
high standards in their ‘'Crisco’’. 


Palmer Thermometers were selected because of their 
extreme accuracy and their patented easy-to-read mer- 
cury column. Palmer Thermometers are ruggedly con- 
structed, too, for long, dependable service. 


To assist your engineers in improving the quality of 
your products, give them the advantage of reliable 
Palmer Thermometers. Write for Catalog No. 200 F. r 


gized and tool is passed completely 
through hole-of Demagnetizer, and coil 
is not de-energized until tool is approx. 
6” away from Demagnetizer. If a drill 
end mill or tool bit is not to be removed 
from its chuck, Demagnetizer is slipped 
between bed of machine and tool; coil is 
energized and Demagnetizer is raised 








up to the chuck with tool cente < ;, 
hole. Unit is then slowly lower: ith 
coil still energized until it is app 6" 
away from tool. Unit can also be useg 
to magnetize an object, when such « to,) 
as a magnetized screwdriver is de<jreq 
This is accomplished by depre:;;jy 
switch button, placing tool in hol«, ay, 
releasing button before tool is rem oyeq 
from its position.—-Grayhill, 1 ))ortp 
Pulaski Road, Chicago 24, Illino 





11/,-watt Hermetically-sealed 


Resistors 
New “Type 1105 Akra-Ohm” hermet. 
cally-sealed resistor is rated at 15 


watts and is designed for Style RB14A 





under JAN Specification R93. Thus it 
fills gap between “Type 1196” at 0.75 
watts (Jan RB13) and 2-watt “Type 
1110” (Jan RB14), It is 21/16” long 
X< %” diam. and its maximum ratings, 


wound with nickel chromium wire, are 


1 megohm resistance and 1,000 volts. 


| —Shalleross Mfg. Company, Jackson & 


Pusey Avenues, Collingdale, Pa. 





Wear-resistant-alloy Gage Blocks 


New “DoALL Lifetime” gage blocks 
are said to greatly extend the use and 
application of gage blocks; also to le 
usable by average person without dif. 





~ 


ficulty. These advantages are made pos- 
sible by the use of “DoALLoy,” a wear- 
resistant alloy having expansion char- 
acteristics similar to steel. Life of 
new block is sixty times that of steel 
blocks and twenty times that of chrome 
plated blocks. New blocks are said tc 
be “more accurate than the standards 
set up by the National Bureau of 
Standards.” It is claimed that owing 
to unique heat treatment and character 
of alloy, blocks will retain their ac 
curacies even though subjected to tem- 
peratures of —120° to 500°. In addi- 
tion to heat treatments, blocks are su>- 











ite rad in ‘“ ” one 
tee ated to a “DoALL” stability treat- 
- + ett frozen a rewe temperatures PRECISION AIR FLOW MEASUREMENTS 
| the hea through a series of ° ° ° ° 
be used por yy Ste Gann" or emailer are With COX Direct Reading Air Flow Meters 
‘deed po snid “DoAL Loy,” blocks from 0-300" 

ee with “Do y” on their 
ressing [i # . surfaces. Blocks will not discolor THE STANDARD FOR LABORATORY USE 
os es when subjected Pi oon of oe acids SINCE 1925 

ve | ordinarily encounter in production. 

a orth ood core of faced Blocks is chemically 

ted, leaving a jet black finish which W hy is it preferred over other t ; , mo eaui 1? 

| preter i atctees, This aurface is y P f : ‘ypes of air flow measuring equipmen 
paled extremely hard, acid-resistant and will It is direct-reading .. . easy to operate 


not rust. Wringing qualities of new It has continuous operation . . . life-long accuracy 
blocks are such that “for the first time It compensates for pulsating flows 

the most inexperienced person can 
easily wring together a stack of gage 
blocks." —DoALL Co., 3301 Washington 
Ave. So., Minneapolis 4, Minn. W here can it be used? 


It balances out pressure-drop in line 





° In laboratories of the automotive, aircraft, Diesel, and most other industries 
Sensitive Pressure Switch where fast and accurate air flow measurements are required. 


New ultra-sensitive diaphragm aa 
sure switch, originally designed to Major improvements 
automatically control the intercooler of the new TYPE 7: 

—p < Mee Logarithmic Scale for Pre- 
et. cision Readings 
S Multiple Stages in Rectan- 
gular Steel Cabinet for 
closer readings. Wide 
range of capacities. (up 
to 2000 cfm) 




















Thus it Specifications 
at 0.75 Type 7—Two Srage: 
Type Height 68” 
6” long Width —. 32” 
ratings, Depth .... 26” 
ire, are 
) volts. Available Capacities: 
*kson & 2 to 225 cfm 
. 2 to 375 cfm 
flap on fighter planes, is now available 2 to 500 cfm 
Bind. for other applications. Specifications 2 to 750 cfm 
OCKS show a sensitivity of 0.01” of water Dis eth t te 
. blocks om stationary applications. Instrument Bull tin 8 
ise and may be adjusted by means of two knobs 33 
> to be to my, aeere value - geo For ac- 
ut dif curately determining these pressures, oc 
} a draft gage may be connected in par- LCOX_INSTRUMENTS / Sa 


allel with the pressure switch.—Aero- 
tee Company, White Plains, N. Y. 
Commercial Research 


Detachable Portable Pyrometer Laboratories, Inc. 
and Switch Box 20 Bartlett Avenue 








set Detroit 3 Michigan 
New combination of detachable port- Blea _Sastrament 
pe smabag - permanently-in- Craftsmen 
stall ermocouples provides depend- Fig 5951-A 
P P ae Established 1912 Type 7 Air Flow Meter 


able temperature measurements under 
severe operating conditions where a 














“ 000 f 
40, Times 
de por EVERY HOUR! 
wear- A G&G HiSpeed ELECTRO-COUNTER, registers 
"pig up to 40,000 counts an hour . . . it records with 
| char- consistent accuracy up to 600 times a minute! 

ife of Used for Production Controls, Operational Checks, 
f steel Functional Actions. Increases accuracy; reduces time 
nrome- or record-taking; permits accumulation of new data. 
, id to Compact, sturdy, well-engineered. Mechanism entirely 
al ‘ enclosed in cadium-plated housing. Easy-to-read fig- 
ndards ures behind plastic window. 

au of SPECIFICATIONS: Manual counter type QRIGINATORS 

win M1. Non-electrical but otherwise exactly as s 

owing described. Complete with lever. Each: $1.75, %"¢ Makers of @ OP? @ orre 
racter Electric counter. Non-reset, type NR1, ex- RECORDING 

ir ac- actly as shown and described. $4.10 each EQUIPMENT 

for 155 volts, 60 cycles. Other voltages from since 1925 Haworth, New Jersey 
) tem- 6 to 220 are 75¢ extra. Convenient mounting —————- ~a -- — 
addi- bracket, 26e. Reset electric counter, type Rl motor type, suitable also for electronic circuits, Standard 
4 (not shown), soon available. 5 digits. Heavy voltages 6 to 220. Net each: $14.50. Write for counter sheet 

eo ent 

e sud- duty. Reset with twist of fingers. Torque 1-246 and facsimile paper sheet ‘‘Electrex’’. 
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Problems 


New Unit Makes Milling Machine 
Out of Lathe in 3 Minutes! 


The Globe Miller, a unit quickly attached to 
a standard lathe, performs the same 
operations as a costly milling machine. 
Installed in 3 minutes or less, the Globe 
Miller operates almost identically to a 
standard milling machine. All controls 
are simple, highly accurate—and the 
miller is designed to utilize all speeds 
and feeds of the lathe. 


lt is accurate, durable and highly versatile. 
With minor adjustments and acces- 
sories, the miller will face castings; cut 
slots, keyways, and gears; perform slit- 
ting operations, etc. Quality matérials 
and rugged construction enable it to 





permanently-installed instrument would 
be undependable by reason of excessive 
vibration, dust and dirt, fumes, etc. 
New pyrometer equipment is especially 
adapted to portable engine installations 
and many uses in industrial plants 
where conditions are severe. Illustra- 
tions show two models of the new 
portable pyrometer and two forms of 
installations. Fig. 1 shows maker’s 
“Type T” Multi-point selector switch, 
permanently wired to thermocouples in 
heat zones. Switch case has receptacle 
for attachment of new portable pyrom- 
eter for periodic temperature read- 
ings. In this form of installation, the 
model of the new portable pyrometer 
with flexible cable and attachment plug 
is held in the hand when readings are 
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Ingenious New 


|) Technical Methods 


To Help You with Your Reconversion 








i i 


stand the hardest use. It costs but a frac- 
tion as much as a standard miller. Its 
compact design makes storage possible 
underneath he lathe. Proved perform- 
ance in wartime production, assures de- 
pendable service. 


Performance has also proved that chewing 
gum helps you on the job—by seeming 
to make work go easier, time go faster. 
Today, you'll see good chewing gum on 
the market. But a shortage still exists. | 
Wrigley’s Spearmint Gum is taking this | 
space for your information, and for now, 
we'd like to suggest that you use any 
good available brand. Remember: It’s 
the chewing that’s good for you. 


You can get complete information from 


Globe Products Mfg. Co., 3380 Robertson Boulevard 


Los Angeles 34, California 


AA-55 


taken. Fig. 2 shows the model of the 
new portable pyrometer with rigid 
handle and attachment plug. When 
plugged into the receptacle both hands 
are free to manipulate the switch and 
record temperatures.—Illinois Testing 
Labs., Inc., 420 North La Salle St., 
Chicago 10, Illinois. 





Sine Bar Fixture 

New Sine Bar Fixture is a device for 
checking tapered and angular work 
which requires a high degree of dimen- 
sional accuracy. It consists of a ser- 
rated work surface hinged to a base 
plate, entire fixture being precision 
made to a tolerance of 0.0001”. Work 
surface angle is set by using precision 










e 

blocks as a reference. Sine Bar Fiy. 
ture is available in two sizes, 5” and 
10”, respectively, between hinge center 
and setting bar center. The 5” fixture 
may be used on maker’s “Visual Gage” 
equipped with a 6” anvil as shown, 
Either size fixture is suitable for us 
on a surface plate with a height gag. 
An adjustable work stop which may 
be used on either end of the fixture 
and an adjustable backstop usable on 
either side of the surface plate, are 
standard equipment. — The Sheffield 
Corp., Box 898, Dayton 1, Ohio. 





Yarn Tension and Density 
Control 
New “Tension and Density Controj” 
for the textile industry is especially 
adapted for winding yarns where ten- 
sion and package density is important, 





It enables operator to draw yarn from 
any over-end supply and at decreased 
speeds from a revolving supply. Upper 
assembly is essentially a device to feed 
yarn to package being wound at a pre 
determined tension, Tension is entire 


ly independent of the supply package 
and is controlled by setting a spring 
In density control mechanism (below 


package) as pressure on package tends 
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to increase, pressure bar is permitted 
to fall away from package slightly 
theough an escapement. Pressure is 
governed by small weights operating 
against friction on pressure bar: as 
friction increases on pressure bar, it 
turns slightly, releasing a ratchet 
which permits clock mechanism to run 
and pressure back to move slightly. 
Upon moving the back away for any 
reason, it is returned to its approximate 
ition by pressure of hand. Then a 
rubber-covered wheel is used to turn 
the clockwork for precise adjustment. 
The combined automatic mechanisms 
enable a package of any reasonable 
density to be wound.— Walter Kidde & 
Co., 88 West St., New York 6, N. Y. 


7 





Fractional-hp. Motors 
New “SP-37” and “SP-38” four-pole 


shaded pole fractional-hp. motors are 
especially suited for automatic timing 





devices, drafts and damper controls, 
unit heaters and coolers, exhaust fans, 
remote contro] drives, etc. They are 
regularly wound for 115 volts, 60 cycle, 
single phase. Special voltages to order. 
Can be wound to stand locked rotor 
conditions continuously. Laminated field 
and rotor cores. Ball or oilless bear- 
ings. Available with or without fan 
blades, mounting brackets or bases. No 
switches, brushes, commutators, slip 
rings or capacitors. No radio interfer- 
ence.—Small Motors, Inc., 1308 Elston 
Ave., Chicago 22, Ill. 





Micrometer with Dial Indicator 


New “200-P-1 Indicating Micrometer” 
is said to mark the first radical im- 
provement in micrometers since they 





were originally made; and to combine 
the accuracy over the full one-inch of 
the micrometer screw, with the pre- 
cision of the dial indicator. It can also 


TOOLMAKER 








the GAERTNER 





MICROSCOPE 


for length, coordinate and angle measurements 


direct to .0001” and 1 minute of arc 


Widely used to inspect work in progress and finished work 


To measure form tools, milling tools, drill 
jigs, templets and gauges, machine parts, 


taps and hobs. 


To perform the various thread measure- 


ments. 


An accurate, reliable and durable instrument incorpor- 


ating fine machining and carefully adjusted optical parts. 


Send for Bulletin 147-14 


THE GAERTNER SCIENTIFIC CORP. 


1211 Wrightwood Ave., Chicago 14, U.S.A. 





be used as a dial indicator comparator 
without necessity of setting to a 
master: micrometer feature furnishes 
its own precision setting. In both uses, 
anvil pressure is constant and, there- 
fore, real accuracy of instrument can 
be realized, independently of “feel.” As 
a comparator a single micrometer can 
replace a complete series of ordinary 
go and no-go gages. Indicating dial is 
provided with tolerance hands which 
can be easily set with a wrench fur- 
nished with instrument. Micrometer 
scale and the indicating dial are grad- 
uated in 0.0001” and measuring capac- 
ity is 0-1”. For use as a comparator, 
measuring spindle is locked in desired 
position and opposite anvil is retracted 
by pressure on the finger or thumb 
button. This enables workpiece to be 


inserted with less chance of anvils 
scratching it; also prevents excessive 
wear on anvils. Both contact faces are 


tungsten carbide tipped. Retracting 
mechanism operates separately from 
movement and cannot influence read- 


ing. — Federal Products Corp., 1144 


Eddy St., Providence, R. I. 


Rotameter for Process Industries 


New “Full-View Rotameter” is de- 
signed specially for accurate flow rate 
measurement and control under severe 
services and corrosive conditions en- 
countered in the process industries. De- 
sign is based on simple square block 
and fittings, fastened together rigidly 
by heavy flat side plates. “Safety- 
Shielding” is obtained by front and 
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back safety glass windows, %” thick, 
held in place by stainless steel window 
frames 3/32” thick. All surfaces are 
gasketed to prevent leakage. “Full- 
View” rotameter is claimed to have 
many ———- “never before grouped 

ti in one flow rate instrument,” among 
EB METAL them: (1) interchangeable “Tru-Taper” 
precision metering tube; (2) wide space 
between side plates. so that float posi- 
tion can be easily and accurately read, 
even from an angle; (3) metering tube 
easily replaced without taking instruv- 
ment out of the line; (4) end fittings 
universal for connections in four di- 
rections, 90° apart; (5) square shape 
makes it easy to panel mount with 
simple, inexpensive right-angle brack- 
| ets; (6) parts specified and treated to 





- 








6421 RAVENSWOOD AVE., CHICAGO 26 | prevent external corrosion; all steel 
MANUFACTURING METALLURGISTS | Parts rust-proofed, all steel and brass 
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| 


| parts given three coats of “Brookote’ 
| acid- and alkali-resisting finish, 
| bolts, nuts, screws, and dowels as well 
as front and back window frames, 
made of stainless steel; (7) “Safety- 


- 


all 


Indicates accurately in linear response, on screen of cathode ray oscillograph, 
the pressure-time-curve of any internal combustion engine, pump, airline, or 
other pressure system where pressure measurements are desired. Covers wide range 
of engine speeds and pressures up to 10,000 p.s,i. Screws into cylinder and can 
be calibrated using static pressures. Vibration-proof. Accurate, dependable for 
engine tests. 


SIMPLE OPERATION——-ONLY ONE CONTROL 


In operation the pick-up section (enlarged at left) is inserted in cylinder, 
chamber of airline, etc. Pick-up has temperature compensation for all normal! 
operating conditions. Successfully used for tests of injection pumps, diesel and 
automotive engines, explosives, oil pumps and air compressors. 





For details address manufacturer 


Mege Products Laboratories 


549 W. RANDOLPH ST., CHICAGO 6, ILLINOIS Phone STAte 7444 
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Shielded” leak-proof enclosure 
thoroughly protects operator and al- 
lows him to read meter with complete 
safety. “Full-View Rotameter” is avail- 
able in sizes from %” to 4” with 
screwed or flanged connections. With 
a metal tapered tube, it can be used 
for pressures as high as 600 lbs./in.’. 
It is made in iron, brass, and stainless 
steel. All metal parts of brass meter 
are brass, and all metal parts of 
stainless steel meter are stainless steel. 
In addition, several special materials 
such as Hastelloy, aluminum, lead, hard 
rubber, etc. can be furnished. New 
rotameter can be obtained as a simple 
flow-rate indicator or with remote in- 
strument for recording or recording- 
controlling-flow-rate. Flow totalization 
can also be included.—Brooks Rota- 
meter Co., Box B-125, Lansdale, Pa. 





Complete Enclosures for 
Electrical Components 


New line of enclosures for electrical 
components—relays, coils, transform- 
ers, etc.—consists of round or square 





cans in lengths to 6” available with or 
without equipment - mounting bridges 
attached to can interior. Terminals are 
brought out through sealed headers in 
base. Headers can be supplied for plug- 
in use. Round cans have any number of 
contacts up to eight. Square cans have 
a maximum of fourteen leads. Units 
so housed are easily replaced or serviced. 
Complete protection is afforded from 
dust, dirt and moisture.—Electrical In- 
dustries, Inc., 42 Sumner Ave., New- 
ark 4, N. J. 


Vibration Test Table 


New test table vibrates and shakes 
like a freight car, even to the pitch 
and toss, to test packages and products 
to be sure they will arrive in good con- 
dition. It is said that one hour’s test 
will equal a coast-to-coast freight trip. 
Two eccentric shafts, one under each 
end of a strong table, cause the table 
to vibrate with a circular motion in a 
vertical plane, and with a displace- 








THE MICROMETER 
YOU HAVE BEEN 
WAITING FOR 








USED AS A MICROMETER — spindle is brought 


into contact until indicator reads “O”’. 





USED AS A GAGE — push button retracts anvil 
and dimension is checked on dial. 





ment about the same as the maximum 
deflection of average freight car springs 
and at a frequency similar to their nat- 
ural frequency. The shaft at one end 
of the table can run either synchron- 
ously or out‘of phase with the shaft 
at the other end, or at a different 
speed. As a result, the table has a mixed 
motion and a “pitch and toss” in addi- 
tion to its vertical and horizontal 
movements. The rhythm is similar to 
freight cars. The package repeatedly 
bumps a fence secured to the table, 
giving it shocks similar to car bump- 
ing or train jerks. Smaller packages 
may be stacked or larger.boxes strapped 
down to duplicate actual freight car 
loading methods used. Table size 5’X 
5’. Capacity 1000 lbs.—L. A. B. Corp., 
Union Place, Summit, N. J. 


measuring. 


FEDERAL MECHANICAL 


‘ 








--.-Has Many Advantages 
Over Usual Type Micrometers 
This new Federal Indicating Micrometer combines the precision of 


the Dial Indicator for uniformity of contact pressure and for use 


as a comporator, with the accuracy of the micrometer thread for 


You do not need the skill of a toolmaker to operate it accurately 


The Dial Indicator insures uniform contact pressure. 


It takes the place of a complete set of “go and no-go” gages, be- 
cause you can set it to the required size, clamp it in that position 


and gage your batch of workpieces. 
Anvil is retractable. Both contacts are Tungsten Carbide tipped 
It is light, easy to handle, and much easier to read. 


Write for descriptive folder to — wg 


FEDERAL PRODUCTS 
CORPORATION 


1144 EDDY ST., PROVIDENCE 1, R. I. 





AIR ond ELECTRONIC GAGES 


™ 











“Experimental Engineer—Electri- 
cal or mechanical graduate with 


broad interests. Some experience 
in experimental stress analysis 
would be desirable but is not 
essential if applicant has good 
technical background and can 
readily adapt himself to new 
work. A working knowledge of 


electronics would be desirable in 
connection with the use and 
maintenance of test equipment. 
Must have initiative and be ca- 
pable of carrying out work as- 


signed with a minimum amount 
of supervision. Location metro- 
politan New Jersey. Apply by 
letter stating experience, per- 
sonal record and expected 
salary.” Box 107. Instruments 
Publishing Company, 1117 Wolf- 
endale Street, Pittsburgh 12, Pa 
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INSTRUMENT SOCIETY OF AMER- 
ICA SPRING TECHNICAL SESSION 

Plans have been completed for the 
Spring Technical Session of the Instru- 
ment Society of America to be held in 
Detroit at the Engineering Society of 
Detroit Building on Thursday April 
4th. The session will open at 9:30 A. 
M. In the evening, a banquet meeting 
has been planned. 

On Friday, April 5th, the meeting of 
the delegates of the various local sec- 
tions will be held. 

—RICHARD RIMBACH, Secretary 





CHARLESTON 


At the January 7 meeting of the 
Charleston (W. Va.) Section, Mr. E. I. 
Thomas of Carbide and Carbon Chemi- 
cals Corporation spoke on valve posi- 
tioners. He defined them as “a simple 
air-operated, narrow-band proportional 
controller used for positioning pneu- 
matically - operated diaphragm - motor 
valve stems, and overcoming dead spots 
caused by friction in the valve assem- 
bly, particularly the valve stuffing 
box.” 

Mr. Thomas pointed out that valve 
positioners are also used for operating 
two or more valves in sequence, for 
overcoming unbalance in single seat 
valves, and also as position transmit- 
ters. He stated that the first valve po- 
sitioner was probably developed as a 
result of the Taylor Instrument Com- 
panies’ Dubl-Response Unit. He showed 
slides and charts of the various char- 
acteristics of the devices and gave a 
very comprehensive analysis of them. 

The newly elected officers are: Presi- 
dent, Charles B. Cochran (Westvaco 
Chlorine Products); Vice President, 
Earl A. Bryant (duPont); Treasurer, 
Frank J. Sercelj (duPont); Secretary, 
Marvin B. Lorig (Carbide & Carbon) ; 
Executive Committee, E. R. Myers (du- 
Pont), Charles Holz (Industrial Equip. 
Co.), William Warner (Carbide & Car- 
bon), Louis Keppler (Virginia Gas & 
Oil), John T. Ward (U. S. Rubber) 
and the officers. 


—M. B. LoriG, Secretary 


DETROIT 

At a business meeting of the In- 
strument Society of Detroit on January 
21, plans were consummated for the 
National Society technical meeting 
which will consist of a technical con- 
ference during the day and evening of 
April 4 and a business meeting of 
I. S. A. delegates on April 5 and 6. 
At this time the Instrument Society 
of Wayne County and the Instrument 
Society of Detroit will act as joint 
hosts to the Instrument Society of 
America. This technical session will 
be held at the Rackham Memorial 
Building and will last a period of 3 
days. 

The Executive Committee was au- 
thorized to prepare a recommendation 
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for presentation to the membership on 
joining the Instrument Society of 
America. After an enthusiastic discus- 
sion on this subject, the meeting was 
adjourned. 

—J. McCuLLouGH, Seoretary 





NORTH INDIANA 


The Northern Indiana Section of the 
Instrument Society of America held 
its January meeting on the evening of 
January 18, at*the Lake Hotel in Gary, 
Indiana. 

After the dinner a short business 
meeting was held in which president 
Kenneth Frame informed us of I.S.A. 
activity in behalf of the bill now before 
Congress, which is designed to con- 
serve American scientific personnel. 
The bill was read to the members and 
a motion was made and passed in- 
structing corresponding secretary 
Charles Haynes to write to the proper 
Congressmen that the Northern 
Indiana Section of the Instrument So- 
ciety of America is in favor of the 
passage of this bill. 

Program chairman William Hitt 
gave us a preview of the next two 
meetings. 

The meeting was then turned over 
to Mr. Carl Hayden of the Askania 
Regulator Co., who spoke in place of 
Mr. Proy of the same firm, who could 
not be ,with us. Mr. Hayden prefaced 
his talk with a discussion of A.S.M.E. 
instrument terminology, which he il- 
lustrated with blackboard. He followed 
this with a talk on Askania hydraulic 
and pneumatic control which was il- 
lustrated with slides. It was a most 
informative talk on a subject which 
was new to some of us. Mr. Hayden was 
plied with many questions throughout 
his talk, attesting to the interest he 
created. 

—EDWARD WHITE, Publicity Chairman 





PITTSBURGH 

The Pittsburgh Section of the In- 
strument Society of America held the 
January meeting on the 28th at the 
Roosevelt Hotel. Forty members and 
guests were present for the excellent 
dinner and sixty-five for the meeting 
and lecture. 

Dr. E. R. Schaeffer, of the Science 
and Technology Division of the State 
Department, spoke interestingly and 
briefly on his observations, with par- 
ticular reference to instrumentation, 
during his post-war travels in Ger- 
many. 

The scheduled speaker of the evening, 
Mr. Walter T. Buhl, of the Jack and 
Heintz Co., described captured German 
gyro instruments. He described briefly, 
and illustrated with slides, applications 
and circuits in which these gyros were 
used to control the V-1 robombs, and 
the V-2 rocket bombs, airplanes, and 
for marine use. He pointed out a num- 
ber of unusual and ingenious methods 


Instrument Societies} 


which were used by the Germans: 
accomplishing the end result. 

Mr. Buhl also placed on exhibition 
several captured gyro instruments and 
controllers. The precision, delicacy, 
fine workmanship and clever engineer. 
ing applications commanded the admi- 
ration of all who could appreciate fine 
instruments, even though made by an 
enemy. 

However, lest his listeners under- 
rate U. S. and Allied equipment rela- 
tive to Germany’s, Mr. Buhl pointed 
out that Germany lost the war. He 
further mentioned that three months 
after the first robomb fell on London 
the U.S. had a similar robomb avail- 
able for trial and the fifth one tried 
flew so successfully that it had to be 
shot down. —LESTER F. Boss 





SOUTH TEXAS 

The South Texas Instrument Society 
has been organized in the territory sur- 
rounding Corpus Christi, Texas. Affili- 
ation with the Instrument Society of 
America as a section is planned in the 
near future. Meetirigs are held the sec- 
ond Tuesday of each month. 

At previous meetings, members from 
the U.S. Naval Air Station at Corpus 
Christi gave interesting talks on auto- 
matic airplane pilots, gun sights, and 
navigation; also, Mr. Allegret of 
Schlumberger Oil Well Surveying Corp. 
gave an illustrated lecture on Electric 
Well Logging. 

Current officers are J. G. Pratt, Pres- 
ident; H. C. Givens, Secretary; V. J. 
Brunson, Treasurer. 

Anyone interested in contro] and 
measuring instruments is cordially in- 
vited to attend the meetings and be- 
come a member. 

—H. C. GIvENs, Secretary 





PHILADELPHIA 

The Philadelphia Section met January 
16th at the Broadwood Hotel. Newly 
elected president, John Johnston, Jr. 
(Sun Oil Co.) presided. The other new 
officers elected at the December meet- 
ing are as follows: F. H. Trapnell (du 
Pont) Vice-President; J. C. Whiddett 
(Automatic Temperature Controls Co.) 
Treasurer; C. W. Wood (Mason-Nei- 
lan) Secretary. 

Mr. John Coffeen, President of the 
Ess Specialty Corp., delivered a talk 
on “Phototubes in Industrial Instru- 
ments.” He covered early developments, 
some phototube theory, and went on to 
show that in many applications, photo- 
tube devices enjoy definite advantages 
in having extremely high sensitivity 
and no time lag. Some of the applica- 
tions mentioned were: Analysis of a 
four-component metal alloy merely by 
a phototube scanning of a sample piece, 
indication of turbidity of liquids, color 
matching, and detection of hydrocar- 
bons. : 

Mr. Coffeen called on Ray Heimsoth, 
his chief engineer, who very ably cov 
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THE SIMDLIFIED 


OPTICAL PYROMETER 


PYRO 


SAVE TIME AND 
MONEY! 


PYRO, a self- 
By uted, DIRE 


ined, CT 
Om ADING, sturdy 
ynit made to stand 


rough use. It is abso- 
lutely accurate and 
dependable, and quick- 
ly pays for itself. 
Unique construction 
enables operator to 
rapidly determine tem- 
perature even on 
minute spots, fast 
moving objects, or 
smallest stream; no 
correction charts, no 
accessories, no main- 
tenance expense. Spe- 
cial ‘“‘FOUNDRY 
*" and “Univer- 
sal TRIPLE RANGE” 
have, in addition to 
standard calibrated 
range, @ red correc- 
ition scale determin- 
ing TRUE SPOUT 
and POURING 
PERATURES of mol- 
ten iron and steel 
when measured in the 
open. 
Stock ranges 1400° F. to 5000° F. 


Bulletins on PYRO Optical, Radiation, Surface 
and Immersion Pyrometers on request 


| THE PYROMETER INSTRUMENT CO. 
Plant & Lab 
103-107 LAFAYETTE ST., NEW YORK. WN. Y. 
in Canada, Sales and Repair Laboratory: 
Dominion Flow Meter Company Limited 
Toronto and Montreal 


















BURLING 


TEMPERATURE 
LIMIT SWITCHES 


NO 


MODEL E 

only | light-weight moving 
part 
or 3 switches. 





Literature 
on 
Request 





As 43 switch model, Burling Model E is recommended 


for use (a) where load is divided into 3 parts, (b) 
where 1 switch is used for controlling, one as a high 
limit, one as a low limit, (c) to give definite stops or 


position to a 3 or 4 position diaphragm motor, 
sive 3 speed control of variable speed motor. 
Accurate, rugged, dependable. Corrosion and heat re- 
sisting tube. Dial pointer for easy setting. Locking 
screw locks temperature setting. Ur adjustable 
range to 700-1000°. Dimensions: 7%” x 2%” x 3%”. 
Vapor tight base and cover with sales available at 
slight extra charge. 


INSTRUMENTS ALSO BUILT TO SPECIFICATIONS 
Making Precision Controls for over 10 years 


(d) to 


BURLING INSTRUMENT CO, 


-51C Springfield Ave. 
Newark. N. J. 





LIQUIDS 


Available with |, 2 














, WRITE TODAY FOR 


NEW 


24-PAGE 


‘CATALOG 


of 
METERS 
& INSTRUMENTS 


. for Electrical, Industrial, 
and Electronic applications. 
An extensive line of Standard and 
Special types of Voltmeters, Am- 
meters, Micro-Ammeters, Ohm- 
meters, Freq. Meters, Bridges 
(Wheatstone), Megohmmeters, 
Rheostats, Variable Transformers, 

Relays, etc. 


Many special values of 
unusual interest. 


RUBICON “SPOTLIGHT” 
G ALVANOMETERS 
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RUBICON MULTIPLE REFLECTION GALVA 
NOMETERS are available with sensitivities as 
high as 5 X 10-10 amp. or 1 10-6 vole per 
mm. scale division and with periods as short as 
1 second. The scales are 100 mm. 
remarkably proportional. 










long and are 






Consult ‘us on your Electrical Meas- 
urement problems ..... Write for your 
copy of our new Catalog NOW! 


FLECTRO-TECH 
Cguipmert be: 


119 LAFAYETTE ST., NEW YORK 13, N. Y. 





Hundreds of these sturdy self-contained galva- 
nometers are in daily use in leading educational 
and industrial establishments for precision 
measurements by both the null and the deflec 
tion methods. Described in Bulletin 320 


RUBICON COMPANY 
ELECTRICAL INSTRUMENT MAKERS 
Ridge Ave. at 35th St., Philadelphia 32, Pa 


































PREFERRED 
BY ENGINEERS 


BURGESS 
BATTERIES 


RECOGNIZED BY THEIR 
STRIPES * REMEMBERED 
BY THEIR SERVICE 
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wells guaranteed. 
Walls of equal thickness, 
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INSTRUMENT 


SOCIETIES CALENDAR 




















—e 
City, Society, and Secretary Date and Place Subject and Speaker 
Akron, Ohio; Akron Instrument Society . 3 
Atlanta, ed Gosagie Society for Measurement and Control, John Feb. 25‘4), Blue Flame Room, At- “Theory and Application of Flowmeters,’’ M Meri 
lanta Gas Light Co. : 
aaa, Sg Baltimore Industrial Instrumentation Society; F. Engineers Club, 6 W. q 
agan, Fuel Div., Beth. Steel, Sparrows Pt., Md. Fayette St. 
Charleston, W. Va.; Charleston Section, 1.8.A.; M. B. Lorig, Mar. 4°®), Ruffner Hotel “Boiler Control,"" M. J. Boho, Hagan Cor; 
1506 Virginia St., Charleston 1 . 1°32), Same **Control Valves,** Bruce Irwin, Hammel-D: 
6°B), Same “Pneumatic Transmission and Control,” W. B. Heiny 
Cochrane Corp. m y 
Chicago, Ill.; Chicaga Section, 1.8.A.; A. J. Butler, c/o IHC, Mar. 4°®), To be announced ‘Application of Valves in Automatic Contro! 7 
2626 W. 31st Blvd., Chicago Mason, Bristol 


Apr. 1°®), To be announced 
6‘®), To be announced 


**New Optical Tools,"’ J. W. Forrest, Bausch © Lom} 
“New Electronic Measuring Instruments,"’ W. Mi), 
son, General Electric 





, Ohio; Cleveland Instrumentation Society; J. Me- 
Cullough, Minneapolis-Honeywell, $005 Tinuclid Ave., 
Cleveland 3 


Feb. 27‘®), Cleveland Engineering 
Soc. 


‘Pneumatic Null Balance,*’ C. B. Moore, Moop 
Products 





Detroit, Mich.; Instrument Society of Detroit; J. McCullough, 
870 Seward St., Detroit 2 


. 18, Ethyl Research Lab. 
Mar. 18, ame 


Apr. 4, Rackham Memorial Bldg. 
Apr. 5 & 6, Same 


**Force Measurement," M. Yeasting, Toledo ‘ 

To be announced 

Technical Conference; List of technical papers wil) 
announced 

I.S.A. Delegates Business Meeting 





Florence, Ala.; Muscle Shoals Instrument Society; J. W. Moffett, 
323 E. Mobile St., Florence 





Pe. Worth, Tex.; Fr. Worth Electronics Club; W. H. Farrington 


Feb. 214), Texas Hotel 


“Electronic Positioning,"’ R. H. Wicklund ' 





Gulf Coast (Tex.); Gulf Coast Section, L.S.A.; O. D. Sanders, 
Neches Butane Co. 


Feb. 19, Inst. Lecture Room, La- 
mar College, Vocational 
Section 


Round table discussion of special instrumentation 
problems 





Hartford, Conn.; Hartford Coste for Measurement & Control; 
gm L. Manke, c/o Veeder-Root, Sargent & Garden 
ts, 


Feb. 19°®), Bond Hotel 
Mar. 19‘B), Same 


Apr. 16°), Same 
May 21‘®), Same 


“Use of Air in Gaging,”’ R. Y. Moss, Sheffield Cor, 
**Electron Microscope," R. B. Barnes, C. J. Burton 
mer. Cyanamid 
**Comparison “ Materials for Gages,"” H. O. Richter 
Ww. Moore, Norton 
Annual Ba Meeting 





Houston, Tex.; Houston Instrument Society; O. W. Muller, 1536 
Mellie Esperson Bidg., Houston 2 





Indianapolis, Ind.; Indianapolis Technical Instrument Society 
Morris Underwood, Indianapolis Power & Light Co. 
Indianapolis 6 


Mar. 5, Purdue University Center 
Apr. 2, Same 


“Diaphragms and Control Valves,"" P. A Elfers, 
Fisher Governor | 
“Recording Instruments," R. J. Kryter, Esterline- 
gus 





Kansas City, Mo.; Kansas City Section, 1.8.A.; O. L. Boutros, 
1627 E. 3ist St., Kansas City 3 





Los Angeles, Calif.; California Section, I.8.A.; M. D. Pugh, 35 
Ss. Raymond Ave., Pasadena 1 


Mar. 5‘®), Eaton's Ardmore Cafe 
. 2°83), Same 
7‘B), Same 
June 4°), Same 


To be announced 
To be announced 
To be announced 
To be announced 





Newark, . J.;_ Society for Eeepeuonans & Control (N. J.); 
> ‘Close, 831 Dixie La., Plainfield, N. J. 


Mar. 5‘®), Essex House 
Apr. 2°®), Same 


**Combustion Cosseel’ * Harry R. Kessler, Republi 


Flow 
“Thessesmale Method of Temp. Meas.,"’ V. L 
Parsegian, Tagliabue 





New Orleans, La.; New Orleans Instrument Society; W. H. Haney, 
1016 Esplanade Ave., New Orleans 


St. Charles Hotel 





New York, N. Y.; New York Section, 1.8.A.; C. D. Corey, 
Riebor Research Lab., 127 E. 73rd St., "New York 21 


Feb. 25®), Faculty Club, 400 W. 
117th St. 


**Automatic Ae IY ag ogee L. A. Mac 
, Bell Tel. Labs. 2 





N. Indiana; Northern Indiana Section, 1.8.A.; C. P. Hayes, Red 
River Oil Ref., 935 177th PI., Hammond, Ind. 


Feb. 15°®), Lake Hotel, Gary 
Mar. 15°®), Same 


**A Trip Through an Inst. Mfg. Plant,’’ Joseph Cow 
nelly, Foxboro 
“Electronics, Theodore Cohn, Taco Eng. Co , 





Philadelphia, Pa.; Philadelphia Section, I.8.A.; Clarence W. Wood, 
Mason-Neilan, 6908 Market St., Upper Darby, Pa. 


Feb. 20‘8), Broadwood Hotel 


“Flow Meter Problems,"’ Wm. Bennett, Cochrane 
Tp. 





Ee se Pittsburgh Section, 1.$.A.; L. M. Susany, c/o 
rnegie Institute, 4400 Forbes St. 


Feb, 25‘), Roosevelt Hotel 
Mar, 25‘), Same 
Apr. 22°"), Same 
May 27‘), Same 


**Fractionating Column Control,’* Lyman H. Allen 
Jr. Amer. Viscose Corp. || 

“Inst. Maintenance in Oil Refinery,"* M.-H. White, 
Atlantic Ref. 

“Control Valve Characteristics,” R. Rockwell, Mason’ 
Neilan 

“Fractional H-p. Motors,"’ C. G. Veinott, Westing 
ouse 





Se. Mo.; St. Louis Society for Instrumentation; Gus Holu- 
ck, Union Electric Co., Venice, 


York Hotel 





Sarnia, Ont., Canada; Sarnia Instrument Association; K. William- 
son, 168 Cobden St., Sarnia 


Feb. 15‘4), St. George's Hall 


**Rotameters,"” K. Fischer, Fischer & Porter 





Southwest Texas; South Texas Instrument Society; Homer C. 
Givens, LaGloria Corp., Falfurrias, Tex. 





Mar. 13°), Kingsport Inn 
Apr. 10°), Same 


“Flow Metering,’ J. B. McMahon, Republic Flow 


ters 
“Electrical Instruments,’ L. F. Parachini, Weston 





Kingsport, Tenn.; Tennessee Section, 1.S.A.; C. F. Palmer, 2924 
J. C. Hwy., Kingsport 

Toronto, Ont., Canada; Ontario Section, 1.8.A.; T. C. Agnew, 
Minneapolis-Honeywell 


Feb. 21°38), Chez Paree Rest. 
Apr. 18), Same 


“aereneaintes, ~~ — Cracking Plant,” 

Vv . Tivy, Foxboro 

‘Instrumentation in Glass Industry,"" W. O. Fleming. 
Corning Glass (Canada) 





Washington, D. C.; Washington Section, 1.S.A. 


Feb. 26), Interior Dept. Audi- 
torium 


“Behind the Instrument Dial,"* L. F. Parachini, Weston 





Whiting, Ind.; Whiting Instrument Men's Guild; Lloyd Clouse, 
7344 Dante Ave., Chicago 19, 





Wyandotte, Mich.; Instrument Society of Wayne County; Chas. 
Chessroom, P.O, Box 150, Wyandotte 


Feb. 258), Presbyterian Church 
Hall 


) 


Forum on Control Systems, Messrs. Lupton, Gamr', 
Webb 





(4) Meeting at 7:30, no dinner 


‘®) Dinner at 6:30, meeting at 8 


(©) Dinner at 7, meeting at 8 


(D) Meeting at 8, no dinner 


—_ 
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wa 
_- 


® ered the Ess Photoelectric CO2 Indi- | 
cator with the aid of a demonstrating 
ee unit. He also mentioned Ess Photoelec- 
tric liquid turbidity indicating equip- 
ment which is sensitive to 2 parts per 


'M © Mm ff million, 5 p.p.m. being beyond the sen- o.¢ 
‘+ivity of the human eye. ° 
_ &® sitivi inc? J. FREGEAU, THE PROOF 






Publicity Committee Chairman | 





oF THE 


/. B Heing LOS ANGELES 
ae At the annual meeting of the Cali- 
trol,” Cp fornia Section of the Instrument So- 
het ciety of America held Tuesday evening, 
WW. vc’ FB January 8th, the following officers were 


elected for 1946: President, Howard H. 

Jom (2 Cary (National Technical Laborator- 
ies); Vice-President, Richard P. Gal- 
lien (R. P. Gallien Co.); Secretary, 
do § Milo D. Pugh (Instruments Publishing 
Co.); Treasurer, F. H. Cole (Cole In- 
strument Co.); Councillors, Fred C. 
Henson (Fred C. Henson Co.) and 
Robert W. Fulwider, Patent Attorney. 
— Following the business meeting a 
flm was shown by Gillfillan Bros. 
trumentatiog which covered the story of radar and 
its use in war and peacetime flying. 

— = This was presented by courtesy of the 


a Bue Army Air Force and particularly fea- 
wien tured the use of radar for Ground 
O. Richter i f | ' 
hter Approach Control for aircraft. Mr. A. 
p. Albrecht, Chief Field Engineer of he proof of the pudding is in 


——— f— Gillfillan Bros., further explained the 


development and use of radar for land- the eating. And the proof that 
ing aircraft in any kind of weather. 


Helicoid Gages* ill las 
Fifty-two attended the dinner with m er : dna a oe 
, Esterline about sixty-five for the meeting. longer is determined only by 
=. —M. D. PuGu, Secretary 





your own experience. 





- NEWARK During the last four years, 
At the January 8 meeting of the | many endurance tests have 
Society for Measurement and Control | ¢ tn : 
Sa 4 (New Jersey) the general topic of been made on pressure gages 
+ Republe flwmetering was discussed, with spe- - 3 a eS ee ae ne Rees 
my 1 dal reference to sources of error and by large gage users. Every such test has proven that Helicoid 
_ — the manner in which the error enters Gages greatly reduce maintenance expense. 
into the final result. Mr. L. K. Spink H is th _ f 
____ §& was the speaker of the evening and owever, your own test is the most conclusive tor you. 
_ A. Mav J evidenced his familiarity with the sub- If you haven't yet found out what Helicoid Gages can do to 
Bs a ject by covering it in considerable de- . Ak ee ; 
seph Cow tail. Mr. Spink’s experience in the field save money, try them yourself. mae Specily them in the future. 
and his background of addressing sev- MeN, rd ae re 
on *Formerly called “Certified. See your nearest Distributor. 


——_— eral other Instrument Societies was 
Cochrane evident throughout the discussion. 
——_—— The question period brought out sev- 
eral interesting points which indicated 
H. White, that basic flow data are still insufficient 
for industry needs in the general re- 
gions of pulsation, eccentricity, and 
, Westing: straight pipe requirements. 

== —H. F. Moore, President 


ll, Mason- 








a WYANDOTTE 
The Instrument Society of Wayne 
—— County had a large attendance at the 
January 28 meeting and there were - 
blic Flow a number of applications for member- 
ship. Our present meeting place is well 
Weston located, roomy and we expect to grow. 
g Plant,” The talk on Venturi Meters by Mr. 











The Helicoid movement is used 
exclusively in Helicoid Gages 


-— oe 
a “es 


Co. was out of the ordinary and very 
—Weaon Welcome. It was well illustrated by 
: slides showing details of construction, 
: - checking and accuracy, and large or 
unusual installations. We were inter- 
ested in the history and development baal we 
of metering and in Mr. Borden’s rem- | ue OGEPORT 2, 
— iniseences. } - : ; Ms vt SONNE cS Sac Capt cP a eu Oe & Ven 
_—— —JOHN MACPHERSON, Vice President mam \W/ In Business for Your Safety 


M. M, Borden of the Simplex Meter ACC om ea AER 
€ on % 
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* Just turn those tight-tolerance re- 
sistor requirements of yours over to 
CLAROSTAT, just as other instru- 
ment-makers have been doing for 
years past. 


Remember, CLAROSTAT specialists 
offer over two decades of winding 
experience, outstanding skill, and 
exclusive winding facilities. They 
wind all wire sizes even down to 
.0009” dia. Windings as fine as 600 
to 700 turns per inch, on bakelite, 
ceramic or other material, flat or 
round. Also string windings in fibre 
glass, and cord. 


%* Submit your 
problem... 


Solving your resistance and contro! problems 
is our business. Call on us for engineering 
collaboration, 


specifications, quotations. 





CLAROSTAT MF. C0., Inc. - 285-7 N. 6m St., Brookyn, W. 
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In this department we report new literature pertaining to Instrumentation, received from 4, 
manufacturers. We urge readers to request ONLY those bulletins which will be of value ;, 
them. Use the Postage-free Order Card inside the back cover. 





N-33 Crank Type Cylinders for Con- Louis Gess and R. D. Irwin, “Proce 
trolling. 4-page 8%” X 11” Bulletin Quality Control with X-ray Spec 
126 pictures and describes various meter” by J. S. Buhler, “Pneun 


crank-types cylinders that are said to 
reduce wear on shaft and packing, vir- 
tually eliminating oil leakage and pro- 


‘tect against dirt and corrosion. Booklet 


covers the adjustment of angular travel 
of crank for desired stroke and power 
and compensation for non-linear flow 
characteristic of butterfly valves. As- 
kania Regulator Co., 1603 S. Michigan 
Ave., Chicago 6, Ill. 


N-34 Electronic Switch. 2-page 842” 


|X 11” Page 104, Filing No. 6926, pic- 
tures and describes “Type YE-9” elec- 
| tronic switch used for special electrical 
| studies of wave form, phase, frequency 


relationship and for comparison of 
amplitude. General Electric Electronic 
Division, Syracuse, New York. 

N-35 “Rotasleeve Dimensions.” 
Single-sheet 82” X 11” Bulletin 83-A 
gives tabular information on new 
“Rotasleeve” (see item N-7 above). 
Fischer & Porter Co., Hatboro, Perina. 


N-36 “The Burrell Technical An- 
nouncer.” 24-page 74%” X 8%” issue 
No. 45-9-20 of this house organ features 


| illustrated articles entitled “The Tool of 


Thought” and “The Making of Nylon.” 


| Described and pictured also are the fol- 


| . 
moisture meter, 


dielectric type 
duo-seal vacuum 


lowing mechanisms: 


|pumps, Taylor poly phosphate com- 
| parator, microscope illuminator, sodium 


| radiator, and multiple unit furnaces. 


Burrell Technical Supply Co., 1936-42 
Fifth Avenue, Pittsburgh 19, Pa. 


N-37 Vibration Test Machine. 6- 
page 8%” X11” bulletin pictures and 
describes “Type VU-DM-100” three- 
dimensional vibration testing machine 
said to enable manufacturer to make 
a thorough study of performance and 


|endurance of a new product under 


i 


| 4-page 8% 


actual conditions of mechanical vibra- 


tion: L.A.B. Corp., Summit, N. J. 


“Reco” Thermatic Flashers. 
" X11” Bulletin No. 62 pic- 
| tures and describes “Reco Skedoodle 
| Flashers,” a devolpment in motorless 


N-38 


' thermoflasher that controls a relay, 








| handling one or two circuits on off, or 


alternately. Reynolds Electric Co., 2650 
W. Congress St., Chicago, Illinois. 


N-39 “Elec‘ronic Pneumatic Me- 
chanical Instrumentation.” 32-page 
8%” X11” October-November issue of 
this house organ (designated as Vol. 
1, No. 6) features the following illus- 
trated articles: “The Thin Plate Ori- 
fice for Measurement of Fluids” by 


Spring and Diaphragm Motors” ™ R 
B. Werey, “Control of Recuperative an; 
Direct Fired Soaking Pits” by J, p 
Vollrath, “Electronic Measurement : 
Moisture in Paper” by D. C. Culver 
“Liquid Level Measurement in 0) 
Vessels” by C. F. Cusik and R. 
Jones and “Oil Refinery Instrum 
Maintenance” by Alfred Krieg. Browy 
Instrument Co., Div. of Minneapo| 
Honeywell Regulator Co., Wayne and 
Roberts Aves., Phila. 44, Pa. 


N-40 “The Hagan Thrustorg.” 4. 
page 8%” X 11” Bulletin No. 9345 pic. 
tures and ‘describes an air-operated 
torque measuring device for engin 
horsepower applicable to aviation and 
automotive fields. Principle of opera. 
tion, features and available designs, 
notations on, How to choose proper 
size are all summarized. Thrustor 
Div., Hagan Corp., Hagan Bldg., Pitts. 
burgh, Pa. 


N-41 Oil Vapor Vacuum Pump. + 
page 5%” X 8” brochure pictures and 
describes an all-metal oil vapor vacuum 
pump said to be successfully used 
in vacuum-tube plants. Included also ar 
the physical and operation data, stand- 
ard equipment listing, and a list of ac. 
cessories available. Litton Engineering 
Laboratories, P. O. Box 749, Redwood 
City, Calif. 


N-42 Air and Hydraulic Cylinders. 
4-page 84%” X11” Bulletin A-103 de 
scribes new line of air and hydraulic 
cylinders. The 200-lb. pressure air cyl- 
inders are described as having steel 
heads and caps and brass cylinder 
walls, and the 1500-lb. pressure hydrav- 
lic cylinders, as having solid steel 
heads, caps and walls. Included also 
are a series of sketches giving mount- 
ing information. Miller Motor Co., 4027- 
32° No. Kedzie Ave., Chicago 18, III. 


N-43 “Facts Behind Production.” + 
page 8%” X11” folder features the 
“Simplex Productograph,” which auto- 
matically records stops on printed tap: 
It is described as being capable of tak- 
ing care of seven secondary units, an nd 
prints hours either in conventiona! | to 
12 noon, 1 to 12 midnight, or atin 1eN- 
tal time (24-hr.). Sample of tape 
ords and tape symbol interpretation ar 
included. Simplex Time Recorder (o., 
Gardner, Mass. 


N-44 Feed Systems for Boiler Water 
Treatments. 4-page 8%” X 11” Bul 
letin No. 451 describes two methods for 
chemically treating boiler water. A!s° 
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described and schematically illustrated 
are two complete pump units, which 
includes solution tanks. Milton Roy 
Pumps, 1300 E. Mermaid Ave., Chest- 
nut Hill, Phila. 18, Pa. 


N-45 Precision Levels. 4-page 8%” 
X11” folder pictures and describes an 
“All-way” precision level that indicates 
level of all ways at once when leveling 
any machine. The folder _gives the 
specifications of the two sizes manu- 
factured and accuracy possible with 
each. Wm. B. Fell Co. Mfg., 700 S. St., 
Rockford, Ill. 

N-46 “Vergilio News.” 16-page 8%” 
X11” issue of this house organ (des- 
ignated as Vol. 6, No. 1) features the 
following articles: (1) Steam Produc- 
tion at Cudahy, (2) Mass Action Soot 
Blowers, (3) Simplified Determination 
of Flow-meter Range (4) How Draft 
is Measured, and (5) Adapting Auto- 
matic Combustion Control to Spreader 
Stokers. These articles are accom- 
panied by illustrative diagrams, and 
tables. J. L. Vergilio Co., Cleveland, 
Ohio. 

N-47 “Catalog of Instruments and 
Instrument Supplies.” 28-page 8%" xX 
11” catalog lists, pictures and describes 
a number of industrial, electrical and 
electronic instruments carried in stock. 
Electro-Tech Equipment Co., 119 Lafa- 
yette St., New York 13, N. Y. 

N-48 “Super Sight.” 6-page 3%” < 
4%" pamphiet pictures several types 
of magnifying lenses used for indus- 
trial first aid and laboratory purposes, 
that have a magnifying lens, 4” or 5” 
dia. and light en-unit that can be 
moved around. The Boyer-Campbell Co., 
6540 St. Antoine St., Detroit 2, Mich. 

N-49 Precision Measuring Instru- 
ments. 4-page 844” X11” folder pictures 
and describes the “Amic” comparator 
designed for convenient and quick 
checking of components without eye 
fatigue. Feature is pointer movement 
of one full inch on 6” scale for a 0.001” 
displacement of measuring pin. Acces- 
sories for measuring hollow pin or be- 
tween centers, special anvils, etc. are 
also illustrated. American Measuring 
Instrument Corp., 240 West 40th St., 
New York, N. Y. 

N-50 Tachometers. 4-page 812" X11” 
bulletin illustrates and describes sev- 
eral tachometers suitable for industrial 
r.p.m. or surface-speed measurements. 
Units for permanent and portable in- 
stallations are catalogued. Chicago 
Electric Tachometer Co., 800 North 
Clark St., Chicago 10, Illinois. 

N-51 Humidity Control. 4-page 8%” 
X11” bulletin pictures and describes a 
new method of humidity control. In- 
strument is electrically operated and 
only moving part is a relay used to 
operate the humidifiers. Detecting ele- 
ment is held under a slight constant 
tension and measures electrically. Nor- 
cross Laboratories, Watertown 72, Mas- 
sachusetts. 

N-52 “Jim’s Adventure.” 20-page 
8%”"X11” comic book explains how 
electricity is generated and distributed. 
The narrative is about an educational 
trip taken by a small boy and his uncle. 
They visit a steam generating plant, 
follow the electric power lines from the 
station back to the boy’s home and, in 
the end, the uncle explains to the boy 


how electricity is metered. A two-page 
drawing outlines the basic steps in 
steam and electricity generation and 
power distribution, from boiler to light 
switch. A brief glossary of common 
electrical terms is also given. Allis- 
Chalmers Mfg. Co., Milwaukee 1, Wis- 
consin. 

N-53 Spectrographic Equipment. 16- 
page 8%”X11” catalog describes and 
illustrates spectrographic equipment for 
research and for analysis in metallurgy, 
mineralogy, agronomy, chemistry, med- 
icine and other fields. Theory and use 
of the spectrograph are outlined. Cat- 
alog shows how company carries in 
stock a complete assortment of books, 
spectrum prints and charts, also re- 
prints from the literature covering all 
aspects of spectroscopy and its applica- 
tions. Jarrell-Ash Company, 165 New- 
bury St., Boston 16, Massachusetts. 

N-54 “Cenco News Chats.” 18 page 
8%"X11” Issue No. 50 of this house 
organ features an article on Dr. Theo- 
bald Smith, an American bacteriologist 
whose work on the nature and causa- 
tion of infection and parasitic diseases 
opened many new fields for research. 
Other articles and sections are: “Re- 
search in Action” describing the work 
of the Battelle Memorial Institute; 
“Technical Events and Abstracts”; 
“Speeds Oxygen Determination in 
Steel”; “Spot Plates Promote Sanita- 
tion” and “The Laboratory Assistant,” 
a section covering new ideas for bet- 
ter work. Central Scientific Company, 
1700 Irving Park Road, Chicago 13, 
Illinois. 


N-55 Industrial X-ray Equipment. 
12-page 8%”X11” booklet describes 
and illustrates x-ray equipment for 
fluoroscopy, radiography, diffraction 
and spectrometry. Text covers: (1) 
Model 80 and 150 with description and 
specifications, radiograph illustrations 
showing x-ray application, and inches 
penetration chart; (2) Model 150 CF 
conveyor type; (3) Model 90 mobile 
unit; (4) x-ray spectrometer and cam- 
era type x-ray diffraction unit, and’ (5) 
convenient application chart. North 
American Philips Co., 100 E. 42nd St., 
New York 17, N. Y. 

N-56 “Precise Production.” 4-page 
8144”X11” issue No. 111 of this house 
organ features the new Scherr gage 
block utility set and also shows a ball- 
joint back indicator set with magnetic 
base for speeding dial indicator set-ups. 
George Scherr Co., 200 Lafayette St., 
New York 12, N. Y. 


N-57 Level-Buoy Indicating Control- 
ler. 8-page 842” X11” bulletin describes 
the purpose, construction and operation 
of this instrument in which peinter in- 
dication of level is entirely mechanical 
and independent of controller air sup- 
ply. Taylor Instrument Companies, P. 
O. Box 110, Rochester 1, New York. 


N-58 Aneroid Manostat. 2-page 8%” 
X11” bulletin describes and pictures 
this instrument for maintaining vacuum 
or pressure systems at set pressure. 
Two ranges are available—one for vac- 
uum systems only and the other for 
both vacuum and pressure systems. 
Both are for laboratory and industry 
calibration and testing of pressure in- 
struments, high-vacuum distillation and 
vacuum-tube production and research. 








A BRADLEY 


PHOTO ELECTRIC 
CELLS 





_ Many Standard Mountings. 


In addition to the 
housed model shown 
here, with its plug-in’ 
contacts, Bradley also 
offers tube socket, nut- 
and-bolt types and pig- 
tail contact mountings. 


The shapes of Lux- 
tron photocells vary 
from circles to squares, 
with every in-between 
shape desired. Their 
sizes range from very 
small to the largest 
required. 


For direct conversion 
of light into electric 
energy, specify Brad- 
ley’s photocells. They 
are rugged, lightweight 
and true-to-rating. 


Ilustrated literature, 
available on request, 
shows more models of 
Bradley photocells, plus 
a line of copper oxide 
and selenium rectifiers. 
Write for “The Bradley 
Line.” 


enna ae | 


BRADLEY 


LABORATORIES, INC. 


82 Meadow St. New Haven!0, Conn 
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ee terest 


The instrument can be adjusted to 
0.005” of mercury. Wallace & Tiernan 
Products, Inc., Belleville 9, N. J. 

N-59 Piezo-electric Crystals. 20-page 
8%”"X11” catalog describes numerous 
types of crystals for amateur, experi- 
menter, transmitter and receiver manu- 
facturers’ needs. Special attention is 
given to a new compact type designed 
for commercial transmitters or receiv- 
ers where space is at a minimum. Air- 
eon Manufacturing Corporation, Kansas 
City, Missouri. 

N-60 Automatic Ballast-regulating 
Tube. 4-page 8%” X11” bulletin pic- 
tures and describes an automatic rheo- 
stat designed to keep the current in a 
circuit at a definite value. Should the 
supply voltage increase, the “Amperite” 
will increase in resistance to keep load 
voltage constant. Hook-up diagrams, 
charts and typical problems assist in 
undertaking the function of the tube. 
Tubes may be operated in parallel or in 
series. Amperite Company, 561 Broad- 
way, New York, N. Y. 

N-61 Silver Electrode Ceramic Capac- 
itor. 4-page 8%”X11” bulletin de- 
scribes the characteristics of “Hi Q” 
silver electrode ceramic capacitors with 
particular reference to the CI type with 
axial leads. Diagrams show construc- 
tion and photographs illustrate various 
steps of manufacture and tests. Com- 
plete specifications and capacitance val- 
ues are included, together with type 
designations according to JAN specifi- 
cations. Electrical Reactance Corpora- 
tion, Franklinville, New York. 

N-62 Ultraviolet Fluorescent Rays. 
Folder contains ten 8%” X11” bulletins 





TIME SWITCHES 


TRIPLE POLE 
DOUBLE POLE 
SINGLE POLE 
All three can be furnished with 


SMPERES ranging. from oe ae 
@ 
PROCESS TIMERS 


TIMERS, TIMERS, or PROCESS 


One is reset by ha 
resets itself. ee 

can be for practically any rae 
of time, fully adjustable from zero 
maximum iod. SYNCHRONOUS, 
SELF-STAR G MOTORS. 


& 
SIGNAL TIMERS 


Used extensi for sta and stop- 
ping industrial work ; eahee class 
oe for municipal time signals, etc. 


Cutout and Manual Control. 
e. 
Write for Information 


AUTOMATIC ELECTRIC MFG. CO. 


MANKATO, MINNESOTA 
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on fluorescent analysis with ultravio- 
let rays: (1) Fluorochemistry; (2) 
Fluorochemistry in petroleum science; 
(3) Ultraviolet light in criminology; 
(4) The ultraviolet lamp in scientific 
research; (5) Ultraviolet lights as an 
aid to education; (6) Fluorobiology; 
(7) Fluorochemistry in food science; 
(8) Ultraviolet light in detection of 
mercury; (9) Ultraviolet light in ura- 
nium prospecting; (10) Luminescence in 
gem science. Ultraviolet Products, Inc., 
5205 Santa Monica Blvd., Los Angeles 
27, Calif. 

N-63 “Synchro-Lectric” Viscosimeter. 
4-page 8%” X11” bulletin describes and 
pictures a viscosimeter adaptable to 
both laboratory and factory control 
work. Sub-headings of the text cover 
adjustments, determinations, results in 
absolute viscosity units, range, the 
models for practically every applica- 
tion, determinations of non-Newtonian 
behavior, accuracy, portability, opera- 
tion, cleaning and care. Brookfield En- 
gineering Laboratories, Sharon, Massa- 
chusetts. 


N-64 “The General Radio Experi- 
menter.” 8-page issue, Vol. XX, No. 5 
of this house organ contains two feature 
articles: (1) A wavemeter for 240 to 
1200 megacycles and (2) a light source 
for microsecond photography. General 
Radio Company, 275 Massachusetts 
Ave., Cambridge 39, Mass. 


N-65 Instruments for Refrigeration. 
36-page 8%” X11” Catalog No. 300 on 
application of control instruments to 
the refrigeration field is divided into 
two sections, one covering applications, 





the other instruments. Taylor Ins: ;y 
ment Companies, Rochester 1, N. \ 

N-66 “Apparatus Headliners.” , 
page 8%”X11” bulletin for scien‘, 
laboratories covers conditioning 0) >); 
drying ovens and sterilizers, for mois. 
ture tests, evaporating, drying, st 
izing, conditioning, rubber aging, p|as- 
tic heating, lacquer baking, annealing 
and heat treating as required by 
A.S.T.M. and Government specifica 
tions. Boder Scientific Company, Pitts- 
burgh 20, Pa. 

N-67 Precision Levels. 2-page 81, 
11” bulletin pictures and describes the 
“All-Way” precision level and the 
“Fell” list indicator. The precision level, 
graduated in 0.0005” to the foot, is de- 
signed for machine tool manufacture or 
maintenance. The list indicator, for 
large floating dry docks, is a govern- 
ment specification to aid in keeping 
craft at a safe working level. ah - 
Fell Company, 1401 Preston St., 
ford, Ill. 

N-68 Engineering Instruments. 90- 
page 6” <9” catalog describes and pic- 
tures photographically the engineering 
instruments of this company’s manu- 
facture. Under transits are listed the 
Hell Gate engineers transit, mountain 
and mining Hell Gate transit, standard 
precise transit, reconnaissance precise 
transit, contractors and architects 
transit. Also listed are engineers levels, 
topographic instruments and _ equip- 
ment, hydraulic measuring instruments 
(current meters, water level recorders, 
field supplies), wind instruments and 
bore inspection telescopes. W. & L. E. 
Gurley, Troy, N. Y 
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